wet Meta ure) 
- 
2s for Peace 


NEW Sponge Process 
Opens new economics- 


new areas operation 


for 


REDUCING 


A steel industry based on iron ore and 
natural gas or pe troleum is economi- 
cally and operationally pract cal using 
a direct reduction process available 


through The M. W. Kellogg Company, 


exclusive world-wide sales and licens- 
ng age The process eldsa sponge 
rol ( can he ibst ited tor the 
pig iron or scrap charge to electric or 

The succes ) he sponge iron 
process i rmiy established in 


a 30 ton per day pilot plant and a 200 
ope rated by 
Fierro Esponja S.A., an affiliate of 
Hojalata y Lamina S.A.—one of 


Mexico's principal steel producers. 


Based on the success of the present 
plant, HyL has awarded Kellogg a 


making 


contract to engineer and construct a 
500 TD plant incorporating further 
improvements in thermal efficiency 
and materials handling. 

Reduction of ore to sponge iron 
occurs in a controlled-atmosphere re- 
actor. Neither coal nor limestone is 


required. Small, low-investment plants 


can be designed to meet practically 
any need and can be constructed at 
far below the cost of a blast furnace. 
The process was developed by Hoja- 
lata y Lamina—parent company 
of Fierro Esponja. The problems of 
economically obtaining a reducing 


agent from natural gas or petroleum, 


the 200 T/D plant, 


Kellogg on the basis of its extensive 


and of engineering and constructing 
y 


were solved b 


THE M. W. KELLOGG COMPANY, 711 THIRD 


PULLMAN INC 


A SUBSIDIARY OF 


woe A 


experience in furnace engineeri 


ELECTRIC 
FURNACE 


ng and 
} 


nyarocarbon processing. 


The M. W. Kellogg Company is a 


world-wide organization which spe- 
cializes ir engineering and construct- 


ing plants involving complex chem- 
cal processes. This experience quali- 
fies Kellogg to engineer and construct 


iron process. 


plants using the sponge 
For those desiring furt informa- 
tion, a booklet explaining the sponge 
iron process in more detail is avail- 
able. Arrangements for screening a 
motion picture showing the sponge 
iron process in action may also be 
made by writing The M. W. Kellogg 
Company. 


AVENUE, NEW YORK 17, N.Y. 


IRPORATED 


NATURAL | SPONGE , 
=* 
HEATER REACTOR —p QUALITY” 


JOURNAL OF 


TALS 


Vol. 10, No. 11 
November, 1958 


Brookhaven’s Synchrotron 
Geneva Atoms-for-Peace Features Fission, Fusion 


European Cooperation Builds Nuclear Research Laboratory 
hy F. W. Starratt and D. C. Johnston 


Soviet Blast Furnace Practice 
J. H. Strasst 


Open-Hearth Shops of the USSR 
by K.C. McCutcheon 


Recent Soviet Literature on Strength-Temperature Relation 
ird, W. R. Hibbard. Jr.. and 


Role-Compacting Gives Pure Nickel Strip 
by J. A. Lund 


Vacuum Spectroscopy Produces Rapid Steel Analysis 
by Charles L. Winchester 


Beryllium, Its Problems and Possibilities 
4 Materials Advisory Board Report 
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exploration as well as seismic sul 


PERSONNEL veys. Five years experience with 
light weight aggregates. Location 


open. M-200 


ASI 
—POSITIONS OPEN— 
HE following employment items are made 
PHYSICAL METALLURGISTS T Physical Metallurgist, for a fully 


available to AIME members on a non- f 
protit basis by the Engineering Societies Per- integrated, modern aluminum plant; 
Here is your opportunity to grow with a sonnel Service, Inc. (Agency) operating in three to five vears experience 
young, expanding subsidiary of the Ford cooperation with the Four Founder Societies desirable; if recent graduate, Master's 
Motor Company. Outstanding career ny Local offices of the Personnel Service are at degree mil im requirement Apply 
tunity ie epen in Acronutrenic’s sew RE 8 W. 40th St., New York 718; 100 Farnsworth by letter sending full resume Loca 


SEARCH CENTER, overlooking the Pacific 
at Newport Beach, California. You will Ave., Detroit; 57 Post St., San Francisco; 84 tion, Mid-South. W6588 
have all the advantages of a stimulating E. Randolph St., Chicago |. Applicants should 


mental environment, working with advanced address all mail to the proper key numbers in 
equipment in a new facility, located where care of the New York office and include 8c 
you can enjoy California living at its in stamps (no stamped envelopes’ for for 
wonest warding and returning application. The appli 
PHYSICAL METALLURGISTS, for research cant agrees, if placed in a position by means 
and development in high temperature moa of the Service, to pay the placement fee listed 
terials. Advanced degree and minimum of by the Service. AIME members may secure a 
3 years experience, including X-ray dif weekly bulletin of positions available for 


fraction, metallographic inspection ond ex $3 50 e quarter $12 @ yeor = ca 
perimentation with ultra-high temperature Location, South. W6565 


Physical Metallurgist with at least 
two years experience in research and 
development in physical metallurgy 
Capable of applying metallurgical 
principles to casting of metals, alloy 
development and  metallography 
Ability to write good reports essen- 
tial Excellent opportunity 


expanding research organization 


physical properties. Familiarity with pow 
__MEN AVAILABLE— Design Engineer, mechanical grad 
uate, with at least five years high- 

Manager or Superintendent, age 44 vacuum equipment experience in 
Twenty years experience operatior metallurgical furnace fields. Salary 
and development work $8000-9000 a vear. Location, New 


Jersev. W6538 


Qualified applicants are invited to send 
resumes and inquiries to Mr. L. R. Stapel 


AERONUTRONIC SYSTEMS, INC. reci metal min | some ; 
all l, plant design, operation Process Metallurgist, graduate metal 

a subsidiary of For otor Com . swineer. with administr: 
1234 Air Way, Bidg. 18, Glendale Californie | } lical ana construc liurgical engineer, vit id I i 


CHapmen 5-665! United States tive experience in de velopme nt and 


production of flat rolled electrical 

steels. Apply by letter giving educa 
Geologist, 5. a 27. Diversified tion, experience, and availability 
experience in ment and uranium Location, South. W6186 


Now you may have wet grinding facilities for hand prepa- 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 


attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided 

No. 1470 AB HANDIMET GRINDER, complete $98.00 at the rear. The grinding platforms are pitched down- 
ward and away from the operator. 
The Handimet Grinding Paper is coated with a pressure 
heen hitais:, sensitive adhesive backing and firmly holds when merely 
No. 1469-1-SW AB HANDIMET GRINDING PAPER assorted 10 each pressed against the flat grinding surface. It is easily re- 
grits 240, 320, 400, 600 $4.50 movable when sheet is worn. 


_ Ltd. “METALLURGICAL APPARATUS: 


2120 Greenwood St., Evenston, Mlineis; U.S.A. 
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METALLURGICAL ENGINEER—T 


WANTED for 
Shop Superint 


it 


BOOKS 


*ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


Scientific Societies In The United 
States, Second Edition, by Ralph S 
Bates, Columbia University Press 
2960 Broadway, New York 27, N. Y 
2s pp., $6.50, 1958—An_ historical 
account of the developmen 
tific and technological societies 
beginnings in 
the present 
includes a new chapter 
nt societies since the 
secona Tori Jar. The extensive 
bibliog! aphy lé een con pletely 
revised and contains further sources 
of information for most of the majo1 
and many of the smaller societies 
Symposium On Nondestructive Test- 
ing, Special Technical Publication 
No. 213, American Society for Test- 
ng Materials, 1916 Race St., Phila- 
delphia 3, Pa., 99 pp., $2.75, 1958 
Papers discussing the latest and 
most widely used techniques of non- 
destructive testing and their appli- 
cation to materials inspection. Tech- 
niques discussed include radiogra- 
phic testing, magnetic particle and 
penetrant testing, and _ ultrasonic 
testing 
Fundamental Principles Of Tran- 
sistors, by J. Evans, D. Van Nostrand 
Co. Inc., 120 Alexander St., Prince- 
ton, N. J., 255 pp., $6.75, 1958—A 
concise explanation of the principles 
underlying the operation of transis- 
tors. A preliminary section describes 
(Continued on page 706) 


APPLIED 


RESEARCH 


Heavy Rare Earths 


in: NUCLEAR CONTROL 
METALLURGY 
ELECTRONICS 


Investigate these advantages: Gadolinium 
has the highest thermal neutron cross-section 
46,000 Barns) of any known element. Other 
advantages include a melting point of 1350 
C. and oxide dispersion of nearly 40% in titan- 
ium and stainless steel. This suggests use in 


metallic, cermet, and ceramic control rods. 


Yttrium metal is equally interesting with a 
high melting point of 1552° C. and a low 
density of 4.49. Its crystal structure, cph, is 
similar to titanium. This suggests use in alloy 
systems, cermets, and ceramics. The yttrium 
iron garnet, with its narrow, ferromagnetic, 
line-width-resonance, also warrants consider- 
ation in micro-wave isolators, circulators. 
and modulators. 

Michigan Chemical can supply experimental 
or commercial quantities of rare earth oxides 
99.9°) and rare earth metals (99°) from 
inventory. As process dev elopments are 
making price changes possible, inquire by 
phone or letter for up-to-date quotations and 
latest technical data. 


MICHIGAN CHEMICAL CORPORATION 


615 North Bankson Street 
Saint Louis, Michigan 
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hine shop and welding in large pr 
29 West 39th St New York 18 
tender n Mexican Bor- 
ie Ju Melte higher ng 7 da 
ve s experience € ‘lus have 
pe ting ence t it t handle , 
| ist be Mex Salary 
pe Rey t I Consolidada, S.A 
P.O. Box 12 Eagle Pass, Texas 
3 
a 
Met snd Oxides ee 
Metals ond Oxides rads. 
of 
TER M 
DYSPR 
MM 

i 

RBIUM 
“Reg. U.S. Pot. Of. 
RE-S8-3 


from ELECTROMET 


Metals 


Research 


High-Purity 


Refractory Compounds 


...An Answer 
to Your Problem? 


CHROMIUM CARBIDE has vreater 


abrasion, oxidation and corrosion 


resistance than tool steels—an ad- 
vantage in dies for precision hot 
extrusion of copper and brass, and 


in plug gages and gage blocks 


COLUMBIUM OXIDE has a high 


dielectric constant useful in elec- 
tronics, and ar ntermediate 
material for producing compounds 
with high hardness and high melt 
ing point. TANTALUM OXIDE als: 
has a high dielectric constant and 
is a source for tantalum carbide, 
i cutting tor additive which in- 


sistance. Our technical staff car 
help you in your application. Fo 
more information, mail the coupor 


Electromet 


FERRO-ALLOYS AND METALS 


NAME 
COMPANY 
POSITION 
ADDRESS 
cITy 


ZONE STATI 
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: — with the operation of a FluoSolid 
News of Reacto! The progran Will CONSIde 
fundamentals of chemistry, physic 
EDUCATION mathematics stoichion \ al 
metallurgical thermodynamics 
they apply to the FluoSolids reactor 
The educational program fee 
POWER CONFERENCE $30.00 
The 21st American Power Confe1 A symposium will form the secor 
ence, sponsored annually by the part of the progran n Monday ar 
Illinois Institute of Technology i: Tuesday, March 2-3. It will 
cooperatior vith a group t eauca devoted to technical pape! a pane 
t i nstitutions ind technical discussion, and a field trip t he 
societies cluding the AIME, will new Hayden smelter owned bi 
be held on March 3lst, and April 1-2 Kennecott Copper! Corp A $10.00 
it the Hote onermal Chicag« The symposiu fee vill I ice trans 
provide ‘ portauior ind ne ea uring 
of probdie ind excnangse fie ld t 
‘ ation conce ne tne Additional infe 
1c pt ‘ na t nad ass ited obtained fror P » I 
activitie Smut? t the ‘ 
rhe cooperating colleges and uni ersity of Ar Ariz. Al 
ties are Illinois Iowa lowa fees are payable in advance 
t t Mic! 2 Micl gar State The program is planned t A 
Northwesterr Purdue Minnesota shortly after the annual eeting 
W nsin, Texas A.&M New York the AIME in San Francis I 
University California Institute ot Februarv 15-19 
Techn gy Georgia Institute ot 


Technology, and the Massachusett CONFERENCE ON FRACTURE 


Institute of Technology 
Ina es concerning the conferenc¢ A st minar on the Atomic Meci 
ild | enh ten 6 erence Dire: inisms of Fracture, sponsored by the 
R. A. Bude ser. Mechanica National Academy of Sciences- 
eering Department National Research Council, will b« 
o of Teel was 00 Fede held in Cambridge, Mass., Ay 12 
Street. Chicag 6. Illino 14th. Opened to interested person 
the conference Will teature nvitec 
PROGRAM the following topics ieoretical as- 
pects of ftracture le ige stal- 
The University of Arizona, College line and non-crystalline fracture 
of Mines will offer an educational and high-temperature fracture 
program and symposium on the Ap- The conference is being sponsort 
the F Solids Reactor to intly by the National Science 
re Vl eT Industry early in 1959 Foundation, Office of Naval Research 
rhe first part of the educational pro- Air Force Office of Scientific Re- 
gram will be held for five days search, and the National Acader 
Monday February 23rd _ through Sciences-National Research Coun 
F iv, Febru 27th. It lesigned Further information may be ob- 
r engine who will have control tained from Dr. B. I Averbaci 
be direct jirect connected ( nrinwue page 


METALLOGRAPHERS 


analytical, testing, and experimental work on 

Positions reactive metals, such as zirconium, uranium and 
: th : se meté suc s 4 
include: 1orium; and base metals. uch as aluminum 
and stainless steel. Facilities are new, well laid 
out, and equipped with the most modern pol- 
ishing, microscope and dark room equipment. 

Must be team men work well with other 
people. These permanent positions offer liberal 
salary, profit-sharing and pension plans. Plenty 
of room for advancement. 

Modern plant located in suburban Massa- 
chusetts with easy access to Cape Cod and 
Narragansett Bay. 


Send resume to Mr. Tom Fowler 


M & NUCLEAR,INC. 
BOX 898, ATTLEBORO, MASSACHUSETTS 


= 
¢ pA, 
Came 
f 
creas na re- 
| 
rs ‘ pal | 
| D e Corporatior | 
| Box 268, N i N.Y | 
| Please | 
| Co Oxide 
| | 
| 
j 
| | 
| 
| 
| | 
| | 
| | 


Herromanganese-sili on allows savings of as much as 
$8 per ton, depending upon practice, in the production of 
high-manganese stainless steels. It also reduces man 
he chromium-nickel grades of stainless. 
The alloy is both an efficient slag reducing agent and the 
lowest-priced source of low-carbon manganese currently available. 
For details on cost reductions in your practice, contact your 
ELECTROMET representative. 
ELECTRO METALLURGICAL COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N.Y. UNION 
CARBIDE 


The terms “Electrom of Union Carbide Corpora 


. bd bd 53 
“We’ w m se-silicon 
ve Cul StTALNLESS COSTS WI errom 
3 


BROOKHAVEN NATIONAL LABORATORY 
Visited by Physical Metallurgy Group 


Fifty-six interested taxpayers assembled at One facet of the atomic pile’s operations was 
Brookhaven National Laboratory for the first meet- plored in greater detail during the visit to the } 
ing of the 1958-59 season of the Physical Metal- chemistry laboratory. Here it was possible to 
urgy Group of the New York Section, AIME. Be- various studies involving the use of radioisotop 
ginning at 2:30 on the afternoon of October 8, the produced by the reactor. These include biological 
visitors heard an introductory talk by D1 . A chemical, and physical investigations of radiation 
Maver! Acting Head Metallurgy livision He de- effects 
cribed the organization of Brookhaven, which 1s The last point to be visited was the 4-1n. therma 
perated for the Atomic Energy Commission by As- oop, currently under construction. Similar to th 
ociated Universities, Inc., an institution formed by ones in the metallurgy building, this loop will, wher 
nine sponsoring universities for this purpose. He also completed, represent a pilot stage in the con 
mentioned briefly the liquid metal fuel reactor struction of the LMFR. It will be used to evaluate 
(LMFR) which will be built at Brookhaven withir various structural materials which might be used in 
a few years the new reacto! 

Following this introduction, the group was con- Following the tour, members of the group dined 
jucted on a tour of various facilities at the Labo- in the cafeteria which is part of the installation 

tory. The first stop was at the 25 bev. proton Brookhaven, then reconvened for the technical ses- 
ynchrotron currently under construction at Brook- sion, which is a regular part of their meetings. The 
haven. This particle accelerator, billed as the world’s speaker of the evening, introduced by R. A. Mayer 
argest atom smasher, is similar in design to the one was John R. Weeks, who discussed Fuel and Mate- 
currently being built at CERN, Switzerland, and de- rial Technology of a Uranium-Bismuth React 


ccribed se 717 this iss The grour oured ore 
cribed on page 717 of -~ issue. The grouy —— (The LMFR will probably be a uranium-bismuth 


the experimental area, the tunnel which will house . 
' ‘ reactor). Weeks discussed the results of metallur- 
the accelerator chamber, and the linear accelerator : 
gical investigations conducted with regard to fuel 
for the LMFR. His talk 


and structural materials 


A visit to the large classical nuclear reactor, 01 


atomic pile, was also included in the group's itiner- served admirably to add technical background to 
ary. Following a detailed explanation of the reac- the various exhibits which were part of the after- 
tor design and principles, an excellent opportunity noon tour. In the case of the liquid metal fuel, it 
was afforded to view its operation and to see ex- was desired to find a metal which combined a low 
periments in progress melting point with appreciable solubility of the 


The metallurgy building was, of course, a point uranium fuel in the practical range of operating 
of great interest to many of the visitors. Here, in temperatures. Suitability of structural materials 


} 


eparation for design and construction of the new 


reactor (LMFR), a number of thermal loops utiliz- 
ing both natural and forced convection are in oper- 


lanical properties at operating 
temperatures and corrosion behavior with respect 
to the liquid metal fuel. There was considerable dis- 


ation for the purpose of evaluating structural mate- : , ; 
cussion following Mr. Weeks’ talk, after which a 


rials. Various metallurgical service facilities, in- 


cluding X-ray and metallographic sections, were successful meeting of the Physical Metallurgy 
also to be found in this area Group of the New York Section came to a close 
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BROOKHAVEN’S SYNCHROTRON 


One of World’s Largest 


A proton synchrotron similar in design to the one 
at CERN in Europe, described on p. 717 of this issue 
s being built at the Brookhaven National Labora- 


tory in Upton, Long Island, New York. When com- 
pleted in 1960, the accelerator will produce protons 
with energy of 25 to 30 bev. The newly available 
particles will be used to bombard 
nuclei to produce 


high-energy 
matter, reacting with atomic 
other particles and other forms of energy 


“his is not the first synchrotron to be constructed, 
but it is one of the first to use the principle of strong 


focusing, which employs specially designed magnets 
to hold the electrically charged protons on course as 
they gain energy 

The heart of the synchrotron is 240 “C” shaped 
magnets arranged in a circle which is ‘2 mile in 
circumference. These magnets, generating a force of 
10,000 to 13,000 gauss, will be in a subterranean 
tunnel 12 ft deep. Between the poles of the magnets, 
which form the jaws of the “C”, will be a continu- 
ous elliptical vacuum chamber 7 in. in diam and 3s 
in. high. The protons will travel through this cham- 
ber as they are accelerated to tremendous energy 

The energy of the protons as they are produced 
in a high-voltage generator is 750,000 ev. They 
travel through a linear accelerator and gradually 


reach an energy of 50,000,000 ev, before being 


ejected into the % mile vacuum chamber. As they 
travel around this accelerator, 12 radio frequency 
accelerating stations give them boosts in energy so 
that at the end of their 1 sec travel they have gone 


ound the circula t ck 350,000 times. and are 
traveling with an energy of 25t bey ita 
tv close to the speed ol! light 

A major problem which scientists encountered 
in building the synchrotron, was the exacting re- 
quirements necessary for each batch of electrical 
steel from which the magnets were to be made 
Each of the 240 magnets had to be as iden cal as 
possible making it necessary to minimize the Vari- 
ition from heat to heat nd from sheet to sheet of the 
same heat, and even from one section of a sheet to an- 


ec let 

trical steel. The cores were strapped and welded 

inder pressure to achieve an extremely high lami- 


nation factor (ratio of steel to air along core axis) 


Steel for these large magnets was made by Al- 
legheny Ludlum Steel Corp., and was the largest 
single order of electrical steel ever produced by 
company. More 


Brookhaven job, and delivered over 


than 3800 tons was used for the 


9 month pe- 
riod 


With this new synchrotron, scientists at Brook- 
haven, along with contributing scientists, will find it 
possible to study the forces which hold the nucleus 
of the atom together. This will be a great step to- 
ward fathoming the complexities of matter in gen- 


eral and the nature of the atom in particular 
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for—non-aging sheet steel 


—nuclear modifiers 


MCA boron products are readily 

available in these forms: New developments in the use of boron steels require the 

proper boron alloys in the steels’ manufacture. Likewise, 
a et varying steel making techniques require different types 

SF of boron alloys. For each, there is a proper boron alloy, 


whether the objective is non-aging sheet steel or modi- 
fying rods for nuclear energy, for example. To meet 
competitive steel prices, manufacturers need to employ 
alloying elements judiciously. 
os iaciicahiiia aside MCA’s long experience in boron alloys and their use in 
* Manganese Boride steel manufacture gives you a reliable source of infor- 
mation and service. Write or call today, 
* Ferro-Boron (17% + ) 
* Boron-Aluminum Cups 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicogo, Los Angeles, New York, San Francisco 
Soles Representatives: Brumliey.-Dona!dson Co., Los Angeles, San Francisco 
Subsidiory: Cleveland .Tungsten, inc., Cleveland 
Pignts: Washington, Pa., York, Pa, 
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EDITORIAL 


GETTING BEHIND THE 


BUILDING FUND 


account 
n nada 


ieties through 


prominent 
in bringing the Cente! 
1 DeWitt Smith 


esentatives on the 15-man 


cular note ng to I 


ndrew Fletcher. President 
Trustees 


a $10-million building program Thanks t rsonal efforts on AIME’s behalf by 
undertaken w1 


titute once agal 
searching analysis of , alternatives, mes led is time in fir few weeks of the 

a Member Gifts Campaign. But it is only a start. AIME 
financing would have ting effect 1 th members i quota of $500,000 to raise. Vice 


It was recognized ez 
ss and their members. Among I President 
Mike Haider, 
program. J illson 
To disperse the societies and rent office space 
To build a new center taking available re- 
sources plus a mortgage for the balance 
}) To ask for industrial support of a new cente: 
worthy of the profession It meri 
support 
The first alternative meant space costs far highe: “Te 
than in the present building. Reduced services and sonal endorsement of project. I urge you t 
higher dues must then be faced indefinitely and the not only in dollars, but 
unity of the profession would be weakened if not This fall 
destroved 
The second possibility would have kept the soci- 
eties together in their own building, but would again 
have faced the society membership with higher dues 


I extend 


in service to the campaign 
everv Member and Associate Membe: 
living in the United States will be, or will have been, 
approached. When you receive the pledge card, you 
will have a rare chance to help build th 


the engineering 
profession to its proper status in America and the 
or reduced services or both for vears to come world.—R. A. Beals 
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The Industrial Gifts Campaign for the United The ni C 7 ee 
Er neerin Center 18s well on Ws Way, WILN courage @ 1 aking 
subscriptions by October l in excess of $342 millon Low building space cos ana unity It a hes 
of which corporations in the New York area alone proved a bulwark to the Founder Soc wie 
pledged $2.6 million. In the overall campaign, as in two world wars and a major depression ae 
ledged $< million 
) ry nro 1 thro rout f ine 
othe! phases of the new engineerin center prorec Indust was approacnea nil ign a i in 
members can take pride in the leadership exerted erestead ieadel iney gave I e} 
tne behalf by nelt Du wnat are ne engineers Wiillng 
AIME'’s presid rs Nave themseives Again, there were alternatives in ne 
I i reality means of raising the balance (more than two thirds haere 
part one of would be available from reserves and an industria Ble 
AIME’s repr fts campaign). Dues could be increased for 
} y Dp ir} fey 
rout ind of United vears to come: or a membership fund drive for 30 ay 
net of the t. The se nd irse was chose! 
Engineering 
+ 
i the ee 
I car 
Hon 
you 
per- 
ve 
fie 


Corrosion Resistance It is an immutable 


law of Nature that all things seek their most stable 
state. Nitroglycerine craves opportunity to explode 
back into passive water and gas vapor. Radium glows 
silently as it decays into lead. Metals yearn to return 
to their oxides 

Corrosion is simply the return of a metal to its 
most stable form. It’s an electrochemical process 
that is generally speeded up by the presence of salts, 
acids and moisture—in fact, at humidities below 50% 
there is virtually no atmospheric corrosion of steel 
There are six common ways to minimize corrosion 
select the right steel, apply protective coatings, in- 
stall cathodic protection devices, set up periodic 
cleaning procedures, control the corrosive environ- 
ment, and use design techniques which reduce the 
likelihood of corrosion 

We have a record of one case where a manufacturer 
installed expensive piping to transport gaseous chemi- 
cals—overlooking the fact that ordinary carbon steel 
pipe would do the job just as well if it were insulated 
to prevent condensation of the chemicals inside the 
pipe. Sometimes a vessel is designed with great care 


United States Steel Corporation American Steel & Wire + Columbia-Geneva Steel National Tube 
Tennessee Coal & Iron + United States Stee! Supply « United States Steel Export Company (iss) United States Steel 


so that it will hold a corrosive liquid, only to have 
the vessel attacked from the outside because the sup- 
port brackets harbored pockets of moisture. And 
there are cases on record of stress corrosion failure 
because it was not recognized that stress relieving 
was necessary after cold working the metal 

Actual service records or true-to-life corrosion tests 
are the safest ways to judge a grade of steel, and you 
can often avoid the expense and time-consuming 
nature of making your own tests if you check first 
with United States Steel 

A corrosion problem that is new to you may be 
familiar to us, and we may be able to supply you 
with information that will solve your particular prob- 
lem promptly 

Another good reason for coming to United States 
Steel is this: no matter what kind of steel you need, 
you're sure to find it among the vast range of USS 
Steels for Design. The final selection, of course, 
should be made by a skilled metallurgist. Our techni- 
cal staff is always available to consult with you about 
your problems. United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pa 

USS. COR-TEN. TRL-TEN and “T-1"" are registered trademarks 


The City of Pittsburgh wanted a trouble- 
Service built the hull with USS Cor-Ten High-Strength Low 
strong hull that has four to six times the 


Combat corrosion in the new Carquinez 
Bridge by designing smooth members eliminating 
details vulnerable to corrosion 


Alloy Steel and USS Txi-Ten High-Strength Low-Alloy Steel 


Stainless Stee/ obstetrical forceps 


weldable and both having superior resistance to atmoapheric cor- 


rosion. Payoff: The smooth, welded framework will assure much 


lower maintenance costs than the annual $70,000 needed to paint 


and maintain the old, riveted bridge. (And a bonus advantage: *“T’-1 

Steel's high yield strength permitted strong, lightweight design, 
saving $800,000 in over-all cost.) 

Lower Right— Problem: Design a preheating unit for a textile plant 
to handle hot water with a highly corrosive caustic soda content 
Solution: 19,000 lineal feet of Type 304 Stainless Steel tubi 1¢ inside 
the Stainless shells. Payoff: Ludell Manufacturing Company predicts 
that the unit will last indefinitely. 


atn a 
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orrosion resistance of carbon steel 
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. 


Zirconium lined T 
(6" diameter and 18” long) 
was manufactured 


for use in severe mineral 


acid service. 


702—JOURNAL OF METALS, NOVEMBER 1958 


| 
ind 
q 
| : 


on the inside 


(mild steel on the outside) 


Zirconium liners are now available for a variety 

ot basic processing components such as ‘T's’, column: 
1 Vessels ese 

N-resistance and outstanding nuclear 

Rapid 

ibricauon 


rechiniques offer greate 


THE NUCLEAR INDUSTRY 
w neutron absorption and corrosion- 


more economical! fuel 


r savings 


applications in almost every reactor design 


THE CHEMICAL PROCESSING 
INDUSTRY 


Dual resistance to corrosion... zirconium protects against 


is or caustics. Versatility means inter- 
asting system components. 

elations with leading ftabri- 

netal to ready-tor-service 

uclear grade 


sponge and ingot, and also on welded or seamless zirconium t ng, zirconium sheet, strip, bar, rod and foil. 


Write today for complete price schedules on all zirconium products. 
Address inquiries to Dept. 91-807. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y. 
Division of THE CARBORUNDUM COMPANY 


Production Pioneer of ZIRCONIUM 
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F Carborundum Metals’ fully integrated zirconium facilities and its ch aM 
CaLOrs Lives vi experienced source for every need roonlum 
components rn at | lates in be! 
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Cast gears that Brinnel to 475... 


Cast frames with tensiles up to 


200,000...eliminate flame cutting that withstand heavy loading even 


lubricants. 


of rolled sheet steel. with ordinary 


Machine bearing surfaces right in 
the castings .. . eliminate bushings, 
without sacrificing service. 


Build machines like this for less money 
...the ductile iron way 


Wakefield, Inc., of Salt Lake City, Utah, makes 95° of 
the cast parts for their “Iron Worker” portable me- 


chanical press of ductile iron. 


With ductile iron, they benefit two ways. First, they 
get the process economies of cast iron — good castability, 
machinability, moderate cost. Second, they gain many 
of the product advantages of steel tensile strength of 
73,000 to 80,000 psi, yield strength of 63,000 to 67,000 


psi, good elastic modulus, excellent impact resistance. 
In addition, they get the excellent wear resistance of 
cast iron. Castings are supplied by Backman Foundry, 
licensed producers of ductile iron. 

For more information about ductile iron castings, write 
for new 28-page Inco bulletin, “Ductile Iron Digest.” 


THE INTERNATIONAL NICKEL CO.,INC. 
67 Wall Street New York 5, N. Y. 


> = ductile iron...the cast iron that can be twisted and bent. 
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Heavy elements in weighable amounts 


The Second United Nations International Conference on the Peaceful 


Uses of Atomic Energy has announced that weighable amounts of 
Californium have been produced. S. G. Thompson, together with M. L 
Muga and B. B. Cunningham, measured 0.06 micrograms of element 98 at 


the University of California at Berkeley last July. Also confirmed: reports 


that 0.023 micrograms of Berkelium were weighed in April. Chemical 


analysis is now underway. 


Atoms For Peace conference 


Beryllium may, under certain conditions, alloy with uranium and its 
compounds. As a result, it may not be an entirely compatible material 


to use in fuel elements. Such was one of the major metallurgical revelations 


reported at the Atoms For Peace conference in Geneva. The conference 


report and review of outstanding metallurgical papers is found on p. 711 


this issue 


Integrated power reactor system 


Argonne National Laboratory displayed models of the first completely 


ntegrated power reactor system operating on a closed fuel cycle at the 


Atoms For Peace conference. The Experimental Breeder Reactor (EBR-II), 


under construction at AEC’s National Reactor Testing Station near Idaho x 
Falls, Idaho, will start the nuclear chain reaction in its uranium core in 


1960, according to present plans. Termed a completely integrated reactor é 


system because it will have a fuel reprocessing and refabrication facility 


hee 


in addition to the reactor, heat transfer systems, and steam-electric plant 


+ 


the breeder-type reactor developed by Argonne scientists is regarded as 


promising because it produces more fissionable material than is consumed 


the reactor. EBR-II’s reactor will be unmoderated and sodium cooled 


Tests of Fuel Elements 


A report by General Electric’s R. S. Paul and Argonne’s W. J. McGonnagle, 


recently released in Geneva, reveals the stringent nondestructive tests 


applied to fuel for nuclear reactors. Thousands of fuel elements used every 


vear, states the report, are inspected and tested with the aid of sound 


vibrations, ultrasonic waves, eddy currents, X-rays, and gamma rays 


Ultrasonic waves measure the size and determine the orientation of crystals 


in the uranium fuel pieces. They also find flaws in the metal and in the 


aluminum jacket that encloses each fuel element. Eddy currents measure 


variations in thickness of the jackets. X-rays or gamma-rays probe the 


physical characteristics of fuel elements to determine the uniformity and 
distribution of fuel contents, the thickness of claddings, and the integrity 


of welds. 


Each fuel element must be as nearly perfect as possible no holes o1 
cracks in the aluminum jacket... no flaws that might develop into openings 
during irradiation. The uranium itself must be solid and flawless to with- 
stand the stresses and strains that occur in the metal while in an operating 
reactor. Referring to methods used at Hanford, Argonne, Oak Ridge, and 
Los Alamos, the report noted that much of the handling and processing of 
fuel elements between and through the various tests has been automated 
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FIFTH VOLUME 
ON 


NUCLEAR METALLURGY 


All the Papers at Symposia on 
Ceramic Base Elements 
and 


Metal Base Fuels and Jacket Components 
Conducted by 


INSTITUTE OF METALS DIVISION 


THE METALLURGICAL SOCIETY 
AMERICAN INSTITUTE OF 
MINING, METALLURGICAL, AND PETROLEUM ENGINEERS, INC. 


ALXME 
Ne 


29 


Price: $6.00 
(AIME Members: $4.00) 


AIME, 29 W. 39th St.. New York 18. N.Y 


Please send me a copy of Nuclear Metallurgy (Vol 5 Purchase your copy at the Registration Desk 
Enclosed is Check Money Order for $ Carter Hotel, Cleveland during the Fall Meeting 
AIME , e bill of The Metallurgical Society, or use the form at 
mes ey Be Cet the left to order by mail Mail Orders will be 
filled after Oct. 30, 1958 

Name Volumes 1, 2, 3, and 4 will be available at the 
Registration Desk, or can be ordered by mail 
Address Volumes 1, 2, and 3 are priced at $3.75 (AIME 
members: $2.50), and Volume 4 is priced at $7.00 
City and Zone Stote AIME members. $5.00 


Nonmember Foreign Order, Add 50¢ for Mailing 


Books rence R Hillyard, McGraw-Hill lated from the second German edition 
Book Co. Inc., 402 pp., $11.00, 1958 by D. A. Jenny and others) by 
(Continued from page 693 The authors main purpose is the Eberhard Spenke, McGraw-Hill 
development through the utilization Book Co. Inc., 402 pp., $11.00, 1958 
the theory of semiconductors. This i ff the principles of physics and An advanced study of the physics of 
followed by units on the measure- mechanics, of a systematic approach semiconductors. The book begins 
ment of semiconductor parameters to the analysis of practical engineer- with fundamental concepts, includ- 
the theory of the p-n junction; ing problems and the numerical cal- ing a detailed description of the 
unction and point-contact transis culations involved in their solutions operation of crystal rectifiers and the 
tors, measurement of transistor pa This edition includes additional physics of crystal amplifiers, and 
rameters, manutacture of transistors; material on compound interest and a proceeds to such topics as quantum 
ilicon and other transistor materials new chapter on the art of problem mechanics of the hydrogen molecule, 
Engineering Problems Manual, Fifth solving. e the band model, Fermi statistics of 
Edition, by Forest C. Dana and Law- Electronic Semiconductors, (Trans electrons in a crystal, imperfection 
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} Fabricat £ Ce Fuel Elements by Sway by D. R. Stenquist and R. J. Anicetti 
Pre ire B ling of Z Flat-Plate [ 1 Dioxide Fue! Element by S J. Paprocki, E. S. Hodge, and D. C. Carmichael 
Fabricat f Alu im Plate-Type Elements Cont g I im Dioxide by S. lL. Megeff and J. L. Zambrow 
} St ess Steel-l Dioxide Fuel ¢ ents for the Army Package by J. E. Cunning? nd R. J. Beaver 
er React 
Pre t Z Base Dispe Fue by A. P. Beard iR.N.H eymar 
Fat t 1 Propertic f Ur im-Z m Hydride Fuel Elements f by W. P. Wallace, M. T. Simnad, and B. Turovli 
I 
S Modified 1 Alu \ f } els Re t Apt th t W. C. Thurber iR. J. Beaver 
Fab fl Alu Ch Fuel! Plate by Blake King, J. Ne d F. G. Tate 
Fat t {Zz 2 i Uraniu 2 Wt. Pct. M bdenu Fuel Rod by J G Goodwin, R. W. T baugh, E. L. Richards 
i F. R. Lorenz 
| if ture EBR-I. M k III Fue ind B ket Rod by R_ A. Noland, N. J. Carson. C. C. Stone 
F D MecCuaig, and R. E. Macherey 


equilibria, and boundary layers in 
semiconductors The 
have added problems to each chapter 


and a new section on junction capa- 


ranslators 


Transistor Technology, Vol. I, by 
members of the Technical Staff of 
Bell Telephone Laboratories, D. Van 
Nostrand Co. Inc., 120 Alexander St., 
Princeton, N. J., 661 pp., $7.50, 1958 


germanium 


ingle crys- 


Applied Statistics For Engineers, by 
William Volk, McGraw-Hill Book 
CC, lr 354 pp. $9.50, 1958 Con- 


+ 


ty tment of 


it 


theory and 
1] 


lilustrative 


examples A review of pre bability 
theory and frequency distribution is 
! ided, along with detailed dis- 
cussions of curvilinear correlation, 
the analysis of variance, and the 
nterpretation of the analysis of 


variance 


Nuclear Reactor Experiments, by 
the staff of Argonne National Lab- 
oratory, D. Van Nostrand Co. Inc., 
120 Alexander St., Princeton, N. J.. 


480 pp., $6.75, 1958.—Problems relat- 
ing to design, construction, and 
peration of r reactors are 
uutlined with details of equipment 
and experiments Areas included 
are nuclear radiation detection, mod- 
erator and subcritical assemblies, 
cross sections, operating reactors and 


heir characteristics, heat removal 
from a reactor, corrosion and radia- 
tion effects, fuel preparation, and 


separation processes 


Metals, special technical publication 
No. 196, by the American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa., 175 pp., $4.50, 
1958.—Twelve papers dealing with 
corrosion fatigue, and_= strength 
properties of metals. Specifically, 
they cover shotpeening, effect of 
forming on properties, axial stress 
fatigue, and results of studies on 
steels, aluminum, magnesium, and 
beryllium copper. e 


The Metal Molybdenum, edited by 
Julius J. Harwood, American Society 
for Metals, 7301 Euclid Ave., Cleve- 
land 3, Ohio, 696 pp., $12.50, 1958 

Proceedings of a symposium spon- 
sored by the Office of Naval Research 


(Continued on page 708) 


Why... 


WILLIAM M. 


* Exceptional Power 
* Accurately Controlled 
* Operated by Three Separate Motors 


CLAY GUNS 


IN CONTINUOUS SERVICE 


With clay pressures of 600 psi, 
these guns provide ample power for 
plugging and maintaining long 
tapping holes. A unique mounting 


and operating system assures 


fast and accurate positioning 
with the ultimate in safety. 
Bailey Electric Plunger 
Clay Guns are adaptable to 
both blast furnaces and large 


electric furnaces. 


Write for Bulletin 
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General Refractories offers superior high duty fireclay 


checker brick; possessing a!! four properties recognized as the 
high density, 


criteria for long life in regenerator chambers 


low porosity, high strength and refractoriness. 


High density and low porosity are needed to insure volume 


stability, optimum heat transfer and minimum penetration of 


flux-bearing gases. High refractor 
is needed to withstand the temperatures 


iness, coupled with these 


other properties, 
prevalent in most regenerator chambers 

Any one of these properties by itself cannot describe an 
excellent checker. It is the combination of all these properties 


in one product that produces a superior checker brick. 


GREFCO checker brick possess all these attributes Manufactured 


ighly refractory fire clays; by GREFCO’s unique 


from select, h 
cial dual-action, 


double-tempering process; pressed in spe 
deairing power presses, fired to high temperature in tunnel 


kilns; and given a final rigid inspection for accurate size and 


General Refractories 
THE RIGHT MOVE IN CHECKERS” is to - 


C’ brands are superior checkers. 


GREFCO! 
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FUTURES IN STEEL 
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NEW LITERATURE REFRACTORIES 
: 
COMPANY 
Philadelphia 2, Pa. 


GREFCO 


SALUTES... 


Exterior of “All-Basic” Roof of Weirton-designed furnace, using 
STEELKLAD “Tab” brick. 


WEIRTON STEEL 


for “‘All-Basic’’ Steelmaking 


Weirton Steel Company, a division of the National 

View of Basic End showing pit side wall above 
Steel Corporation, is one of the leaders in techno- cnnstrection 
logical steelmaking advances. Part of this leadership using GREFCO STEELKLAD-40 “Ferroclip™ brick 


is shown by these photographs of new “All-Basic” 
furnace installations at Weirton, including one of the 
largest open hearth furnaces on the American Continents. 


These “‘All-Basic’’ furnace installations, especially 
tailored and designed by Weirton for ultimate econ- 
omy and ease of construction, are built with GREFCO 
basic brick. All suspended construction utilizes either 
“Tab” or “Ferroclip’ hangers, and all the brick are 


“STEELKLAD-A’’, “STEELKLAD-40” or “STEELKLAD40-EE”’, 


GREFCO is proud to have contributed to these notable 
advances in open hearth furnace construction. 


GENERAL REFRACTORIES COMPANY 


Philadelphia 2, Pa. 


Detail of chill wall construction in Basic End 


A COMPLETE REFRACTORIES SERVICE designed by Weirton, using GREFCO STEELKLAD-40 


“Tab” brick. 


= 
Interior of Weirton-designed “All-Basic” furnace, with roof of sreeLKLAD 40-£& “Tab” brick. ba 
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DETERMINING SOLID STRUCTURE BY NEUTRON DIFFRACTION 


Staff positions available for qualified 
q 
Mathematicians, Physicists, Chemists 


Physical Me tallurgists, Chemical Engineers 
Mechanical Engineers, Metallurgical Engineers 
Electrical Engineers, Technical Writers 


NATIONAL LABORATORY 


Titanium and zirconium, and their solid solutions give 
similar x-ray diffraction patterns. These two metals also 
give characteristic neutron diffraction patterns, but as the 
nuclei of titanium scatter thermal neutrons 180° out of 
phase with those of zirconium, and their nuclear scattering 
amplitudes are such that a solid solution (M), consisting of 
62 atomic per cent Ti and 38 atomic per cent Zr gives no 
coherent scattering of neutrons, the resulting neutron dif- 
fraction pattern consists only of a straight line. 


O vem 


@ yorocen 


When a hydride of the solid solution (MH,) is studied by 
neutron diffraction patterns, one observes reflections that 
result from scattering by hydrogen atoms only. This makes 
it possible to locate uniquely the positions of hydrogen 
atoms in such crystal structure matrices. 


Operated by the University of Chicago under 

contract with the United States Atomic Energy Commission 
PROFESSIONAL PERSONNEL OFFICE 
P.O. BOX 299-F2 LEMONT, ILLINOIS 
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GENEVA ATOMS-FOR-PEACE FEATURES 
FISSION, FUSION 


A Staff-written Summary 


“An unquestioned success” is the label applied 
J. Bunche to the Second United Nations’ Intern 


hy? 


Under-Secretary Ralph 
tional Conference on the 


Peaceful Uses of Atomic Energy. Thermonuclear (fusion) reactions, atomic 


physics, and advancing reactor technology proved 


interest to 6300 participants 


N enthusiastic perpetuation of an idea and an ideal 
a forth by President Eisenhower in his famous 
“Atoms for Peace” speech before the UN General 
Assembly in 1953, sixty-nine nations convened re- 
cently at the Second United Nations’ International 
Conference on the Peaceful Uses of Atomic Energy 
The meeting, held in Geneva from September 1 to 
13, was similar to, but more extensive than the first 
such conference in 1955. The attendance of 6300 
delegates was more than double the 3000 figure of 
the first gathering, as was the number of papers 
submitted, totaling nearly 2200 this year, after with- 
drawals. The location of the meeting was the Palais 
de Nations on Lake Geneva. 


to be of considerable 


The conference sessions, 77 in number, were dis- 
tributed between general sessions and five series of 
parallel sessions based on general fields of interest 
t The fields covered by the 


fusion and nuclea! 


o various delegates 
parallel series were physics, 
reactors, chemistry, isotopes and health and safety 
problems, and raw materials supply and metallurgy 
The general session ranged over many facets of 
nuclear energy, including such topics as the possi- 
bility of controlled fusion, the use of nuclear energ) 
for purposes other than generation of electricity, 
supply and training of technical personnel, and re- 
cent developments in international collaboration. 
Interest in the first of these topics, the possibility 
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Some of the 5000 scientists and observers of the Second UN International Conference on the Peaceful Uses of 
Atomic Energy attending a session in the Assembly Hall of the Palais des Nations in Geneva. Courtesy United Nations. 


ontrolled fusion, ran 


ynce. The fusion react 


the si and the 


one which occurs w 


releasing large 
involved are the 


ot electrical! 


ana tuse, 
roblen 


I 


which contains 


general topic 


rictions have been relaxed g1 
countries, shortly after the first 
was just before the opening of 
iformation on many current thermonuclear p! 
ects was released for discussion. Frances Perrin, of 
France, President of the described 
papers on the subject as “by far the most striking 
" of the meeting. He estimated that about 


will be needed to develop efficient appara- 


conference 


elation 
ten vears 
tus. It will be even longer before industrial insta 


tions appear, of course 


CERN confirms particle theory 

Nucleai 
when CERN, the European Organization for Nucleat 
Research, announced that experiments at its new 
experimental center had confirmed the exceptional 
nucleal 


physics also came in for consideration 


reaction, long predicted on the basis of 
theory, by which 
electrons and neutrinos without passing through the 
mu meson stage. (A complete description of CERN 
and its present and proposed facilities will be found 


pions disintegrate directly into 


on page 717 of this issue.) 


Exhibit draws 100,000 


In addition to the conference itself, an atomic 
exhibition was organized and held in conjunction 
with the gathering in a temporary building erected 
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on the grounds of the Palais des 
nations participated, as well as 
Joint Institute for Nuclear Research 
na, USSR. Here, as in the conference, 
in controlled fusion dominated. Indeed, 20 
he exhibit floor space was devoted to this 
ct. On display were such thermonuclear de- 
; as the UK's Zeta, the Stellarator, Pyrotron, and 
US, and a Soviet toroidal chamber 
1g the controlled fusion exhibits were 
ntations relating to these other topics of 
t uses of radioisotopes in medicine, 
1d industry; expanding use of nuclear 
reactors for producing heat ard electricity 
General Atomic TRIGA reactor was installed 
it hall and operated during the confer- 
provide short-lived isotopes for the US Life 
Sciences exhibit 
Twenty nations participated in the exhibit, and 
composed of delegates and the general 
I *, exceeded 100,000 in the two weeks of opera- 
ion. At the first conference in 1955, nine nations 
maintained exhibits 

In discussing plans for the next conference, Pres- 
ident Perrin commented that world activity in 
atomic energy appears to be doubling every three 
years. He is in favor of a longer interval between 
conferences, possibly four years rather than three, 
so that the excessive effort required in their prepa- 
ration might be expended less frequently. 

Upon reviewing the wealth of titles in the confer- 
ence, one is immediately impressed by the extreme 
variety of types of papers presented at this meeting. 
Here is much more than a technical meeting on 
atomic energy. The technical aspects have been 
rather well covered, to be sure, but so have ques- 
personnel training, new applications of 
and the finer points of well-estab- 
With the intention of illustrat- 


tions of 


nuclear energy, 
lished applications 


Of CH high throughout the con- 
fer ion—responsible for the 
energy of Hm basis of the hydrogen 
bomb—is the IEEE hen atomic nuclei 
collide ints of energ’ 
The | enclosing and 
stabilizing the ved gas (known 
as plasma) SEE the nuclei to be fused 
The BE: of controlled fusion is a new one 
at these conferences. At the time of the first meet- 
ing 1) nformatior nertainir + ecret 


Admiral L. Strauss (left), Head of the U. S. delegation to the Conference, and UN Secretary-General Dag Hammar- 
skjold, among other officials, being shown the Triga reactor in the US exhibit. Courtesy United Notions. 


ing the variety of subjects discussed at Geneva, the 
following abstracts have been selected as having a 
particularly high level of interest to metallurgists 


Atomic energy in steelmaking 


Some l 


Ene 


Practica 
y in Steel Industry, by P. Bergo 
rion, R. Gibrat of France 


Aspects of the Use of Nuclear 
{ R. Bou- 

Considering the number of items in the heat bal- 
ance for producing y iron, numerous applications 
of nuclear energy in this process are suggested. One 
might even envision a whole new process and varia- 
tions to accomplish the same end. The possibilities 

thus, many and varied P 

‘he use of nuclear energy in the steel industry 

numerous ifficulti 


l practical difficulties, 


also creates since 
present operations are based on years of experience 
May not the radiation hazard necessitate 
measures the cost of which cost might prove pro- 
hibitive? What about the possibility of dangerous 
radioactivity in the metal and gases produced? 

This paper attempts to answer 
without recommending a complete revision of steel 
indust principles. Thus, in a 1000 ton per day 
blast furnace, suppose that a reactor is used to heat 
the blast, thus eliminating the cowpers. Such an 
application is prompted by two considerations: heat- 
ing the blast consumes large quantities of heat, and 
this is the application with the lowest temperature 
requirement (426°F). Even this temperature is 
high enough to create serious problems in reacto1 
construction, however at the present state of devel- 
opment, this is the only realistic application to 
consider 

The reactor, of 50 megawatt capacity, is expected 
to supply air at high temperature and low pressure 
(just under 3 atm). Since the pressure is not con- 
ducive to good heat transfer, the volume of the 
reactor must be large. The fuel employed is slightly 
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need f 
Keeping 
also true I 
furnace 
There in inhaling the radioactive 
howevel! In the case of gases leaving the 


maximum 


is serious danger 
Lases, 
bl 


last it has been shown 


concentrations corres} ond to those dictated by the 
carbon monoxide hazard. Thus, measures to control 
the latter hazard also suffice to protect workers from 
however, 


In conventional operations, air 


radioactivity. In the case of the heated ai! 


such is not the case 
leaks present no hazard, and no attempts are made 
to eliminate them ut with a reactor in operation, 
tis as importan 


the high air temperature, however, it is 


linate air leaks as gas leaks 


Because of 


more difficult; there » it will be necessary to 


develop air-tight equipment for this application 

If blast-furnace gas is treated in a by-product 
plant or sold to power companies, exhaust gases will 
be radioactive. Precautions, such as those employed 
tonium production 


the gas is used elsewhere in the plant, 


in some plu reactors, may be 


lu 
necessary. If 
such as in heating furnaces, the problem of hot 
exhausts will arise anew 

An economic study of this project indicates that 
under conditions that exist in the French steel 
industry and on the basis of published prices for 
fissionable material, the cost of nuclear heat may be 
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be 
enriched UO., canned with stai) 
“ate 
graphite moderator with 
Air containing fine pi ae 
when subjected to the i 
Since the reactor is shie 
sole radiation hazard. I 
half-life of 1.8 hr, repre ES 


lower than that obtained by conventional means, 
even with the amount of fuel needed to operate such 
The cost of a large quantity of 
fuel is offset by the long fueling cycle, which could 
conceivably approach ten years 


a large-size reacto! 


Fuel elements 


The Manufacture of Fuel Elements for the Doun- 
reay Fast Reactor, by C. J. Turner, L. R. Williams 
of the UK 

An outline is given of the fast reactor and the 
fundamental considerations underlying the design of 
the fuel element. One of the major factors is the 
embodiment of a safety principle which, in the event 
of a power excursion, permits the release of highly 
enriched uranium from the fuel elements in a con- 
trolled manner so as to ensure that the assembly 

The initial fuel element design 
was based on the use of an outer columbium tut 
and a vanadium inner tube, the highly 
uranium being contained between these two in the 
form of annular sections. This design has remained 
substantially unaltered throughout the development 
period 

An assessment of the complex problems associated 
with the production of such a fuel element is given 
These included full metallurgical development otf 
the two metals: columbium and vanadium 

A description of the development program 
ciated with the production of the fuel, canning 


becomes subcritical 


enriched 


Ss asso- 


materials and assembly techniques follows, together 
with an account of the development of inspection 
and testing techniques for both the individual com- 
ponents and the co npleted fuel element 

Concurrently with the later stages of the develop- 
ment program, it was necessary to COI truct a fuel 
component production line, together with an 
bly line for the actual fuel elements to be used in 
the reactor. An outline of the facility is given, and 
some of the more interesting items of equipment are 
described in detail 

The paper concludes with a general account of! 
the planning of the work and an indication of the 


effort involved in terms of 


scientific man-powel! 
and costs 

The Manufacture of Internally Cooled Pressurized- 
Tube Elements of Metallic Uranium by a Zone 
Melting Process, by P. Sulzer and E. Bodmer of 
Switzerland 

The pressure vessel of a heterogeneous pressur- 
ized-water reactor plant can be replaced by a suit- 
able pressurized tube system. The cooling liquid 
flows pressure through 
cylindrical fuel elements, which themselves form 
the pressurized tube system. The moderator can, 
therefore, be kept under normal pressure conditions 
at a completely low temperature. The internal pres- 
surized tube, which is also designed as a protective 
sheath, is dimensioned to take the whole pressure 
required to prevent vapor formation. 


unde! internally cooled, 


Zircaloy-2 appears to satisfy the requirements for 
the manufacture of pressurized-tube elements. A 
short period of contact between molten uranium and 
solid Zircaloy-2 leads to mutual diffusion and, thus, 
to the necessary metallic bond of the two metals 

Basically, there are two methods of manufactur- 
ing pressurized-tube elements by using molten 
uranium: continuous casting and zone melting. Zone 
melting permits the manufacture of pressurized-tube 
elements with simple equipment 
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To start the manufacture of tubes, pre-cast urani- 
um cylinders are fitted over tubes of Zircaloy-2. The 
insertion of drilled plates of graphite between the 
uranium cylinders, helps to prevent segregation (in 
the case of uranium alloys) during the zone melting 
process. Later, when the reactor is 1n service, these 
serve to cushion the swelling of the uranium to a 
certain extent 

The element, thus constituted, is encased in a sult- 
able permanent mold and is then subjected, under 
vacuum conditions, to an inductive zone melting 
process from bottom to top The rate of feed and 
the inductive input are so regulated that the urani- 
um. as the molten phase, is welded to the Zircaloy-2 
in the shortest possible time 

The fuel element thus produced has a cast ura- 
nium structure which has been recognized as ad- 
vantageous. The metallic bond between uranium 
and Zirealoy-2 is in no way inferior in mechanical 
properties and corrosion resistance to the bonds 
\btained by other methods 


Irradiation effects 

Effects of Neutron Irradiation on Mechanical 
Properties of Ferritic Steels and Irons by L. P. Tru- 
deau of Canada 
The effect of fast-neutron irradiation at 50°C to 
70°C on the mechanical properties of some ferritic 
steels and irons has been investigated with particu- 
lar emphasis on determining the correlation between 
irradiation damage and the com- 


Impact energy transi- 


the magnitude of 
position and microstructure 
tion curves and tensile-test results are reported fo 
sub-sized specimens; the correlation between results 
for sub-sized samples and those for full sized sam- 
ples is given for unirradiated material 

US Navy HY65 alloy (a Ni-Mo-V-Cu low-carbon 
steel) has been examined in three conditions: a) 
normalized and tempered, b) austempered and tem- 
pered, and c) quenched and tempered. The third 
condition was found to be the least susceptible to 
irradiation damage; this result may have been in- 
fluenced by the higher initial hardness which result- 
ed from this treatment 

Samples of five ferrites (carbon contents ol 0.013 
to 0.024 pct) containing 3.2 pet Ni, 1.5 pet Mn, 1.0 
pet Cr, and 0.5 pet Mo have been irradiated for dif- 
ferent times. Although the nickel-and manganese- 
bearing ferrites initially had much lower brittle- 
ductile transition temperatures than the othe 
alloys, after irradiation the br ittle-ductile transition 
temperatures of these materials approached that of 
unalloyed ferrite. However, it should be noted that 
the tensile strengths of the nickel and manganese 
ferrites were considerably higher than those of the 
unalloyed ferrite, both before and after irradiation 
The increase in yield strength for a given radiation 
was about 10 pct higher for nickel than for man- 
ganese ferrites; in turn, the value for the latter ma- 
terial was about 10 pct higher than for unalloyed 
and chromium ferrites. The tensile properties of the 
molybdenum ferrite were least affected by irradia- 
tion. This variation in the increase in mechanical 
properties brought about by irradiation Is considered 
to account, at least partly, for the fact that, after 
irradiation, the brittle-ductile transition tempera- 
tures of the nickel and manganese ferrites are close 
to that of unalloyed ferrite. 

The effect of irradiation on the brittle-ductile 
transition temperature has been found to be mark- 


li 


edly dependent upon the type of steel. For example, 
an increase of about 125°C was found for the as- 
hot-rolled ASTM A201 mild steel after an integrated 
flUx of about 1.2x10” nvt with neutrons energies 
above 500 ev, whereas for normalized US Navy HY 
65 alloy, the increase was 96°C after an irradiation 
of 1.0x10” nvt. Annealing of irradiated ASTM A201 
mild steel produced no recovery at 260°C, but con- 
siderable recovery at 335°C 


Fuel processing 

Nuclear Fuel Processing Plants; A Survey of De- 
sign and Operational Practices, by J. L. Schwennesen 
of the US 

The diversified expansion of the nuclear reactor 
field has occasioned a corresponding increase in the 
size and scope of irradiated fuel reprocessing 
sponsibilities. Reactor fuel processing has now 


come a very diverse and large-scale activ} 
Original processing plants (because of the stress 
of wartime years) were designed and constructed 
on a very hurried—and necessarily iservative 
basis, since little or no counterpart existed in pre- 
vious experience. How has the evolution 
process concepts, the development of novel equip- 


d 


new 


ment components especially designed or develope 
for this field, and the availability of bl] 
backlog of experience modified th 

essing plant design and operation? It now seems ap- 


propriate, after some 15 years of experience, to re 
he 


view past progress in this field and to consider t 
possible or probable features of plants which 
be constructed in the near future 

This report presents a detailed survey of plant 
design philosophy, ational 
control features of US fuel processing plants. It does 


engineering, and opel! 


not discuss technological or process aspects, since 


these are thoroughly covered elsewhere 


An attempt is made to categorize plant featur 
with plant objectives to properly qualify t 


respec ) 


he 
formation presented. US attitudes with t 
the design and operation of new plants are gen- 
eralized and discussed in terms of the specific pur- 
poses of new plants 


Matters discussed within the framework de- 
scribed in the two paragraphs above include 


1. A very brief comparison of perhaps the most 
basic element of plant design, e.g. remote vs direct 
maintenance philosophy. Some of the factors in- 
volved in making a choice between the two methods 
are outlined and the evolution of opinion on the 
subject is discussed briefly 

2. Structural bases for plant design, segregation 
(arrangement) of plant equipment, commercial vs 
special equipment, equipment fabrication tolerances 
(and costs), location aspects, (and resulting costs) 
for supporting facilities such as control laboratories, 
sparing philosophy for process equipment, design 
for nuclear safety, bases for shielding design, etc 

3. The evolution of opinion and experience with 
espect to use of mechanical equipment, such as 
pumps, valves, motors, pulsers, agitators, etc., in 
radioactive services. New developments in this field 
are discussed together with the important charac- 
teristics of such equipment 

4. The evolution of the flexibility facto s an 
important consideration in plant design. With the 
rapid advancement of processing technology and 
resulting potential for engineering or process in- 
novations, the ability to build in flexibility initially 


may be an important factor in plant design. Ex- 
amples are cited 
5. Changes in plant, operational-control philoso- 
phy as a result of experience, new process or equip- 
ment innovations, ete. Matters discussed include 
ing philosophy (type and quantity of man- 
power) and the important progress made in reduc- 
ing costs of process control by analytical and instru- 
mentation techniques. 
of the above factors are integrated with re- 
‘ir place in the economic picture for fu- 
The prospect for achieving significant 
1s in capital and operating costs is an 1m- 
portant factor in developing the economics of the 
processing portion of the total fuel cycle. 


Hanford Operation 

Design and Operation of Hanford’s Metallurgical 
Facilities by O. J. Wick and I. D. Thomas of the US 
A brief history of Hanford’s metallurgical re- 
development facilities, which began 
in 1951, is presented. Since startup, the 
oratory has expanded considerably to keep pace 
h I fabrication development program. 
An active 1 fuels development program at 
Hanford was started in 1957 and a development pilot 
plant was designed for the fabrication of a wide 
variety of experimental plutonium fuels. The lat- 
facility is now under construction and will be in 

he limited operation by 1959 
The handling of plutonium in large quantities is 
discussed from the standpoint of precautions re- 
quired in addition to those needed for a research 
operation. Large scale fabrication development work 
is of such a nature that an occasional glove rup- 
or other incident must be expected. Design of 
lities at Hanford to minimize the spread of un- 
rolled contamination and to facilitate decon- 
procedures include: 1) Compartmenta- 
laboratory area; 2) flow of laboratory 
from areas of low contamination potential to 
! f high potential; 3) down-draft air flow to 
loor exhausts below glove boxes and hood; 4) pro- 


visions for static inert gas or dry air atmospheres 


German scientists discuss with the Russians their model Ogra, 
an experimental machine for controlling thermo-nuclear re- 
actions. Courtesy United Nations. 
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n glove boxes with adequate exhaust capacity to 


provide a minimum flow of 120 line il ft per min 


int 
rit 


o hoods through openings such as ruptured gloves, 
air locks, etc 

The operational philosophy is given fo! the pre- 
vention of the accumulation of a critical mass which 


‘ 


cannot be completely guaranteed by the design of a 
versatile developmental facility. Thorough training 
f enginee! and technicians in nuclear safety, 


coupled with operational rules, must be relied upon 
to maintain safe handling conditions 


Radiation exposure problems in plutonium handl- 


ng are discussed. These are becoming more serious 
as more highly irradiated plutonium must be fab- 
ricated. Personnel must be shielded from the Beta, 
Gamma. and X-ray dosage which ts re lated to some 
of the isotopes of plutonium and them decay prod- 
ict With the present material of moderate ex- 
posure. adequate protection to allow almost inlim- 
ted W ne time ifforded i giass equiva 

tt id. Lead impreg! ited neoprene 


hand exposure are now available Plutonium of 
muct highe! sotopl content (20.000 to 
MWD/T) will probably require remote handling 
tecni iutomatic tat cat cesst vhich 
esult tle ¢ pe! exposure 

De iT ncept IK a new tue tat cation fat ! 
t ire ed The Plutor il Pilot Plant 
nea to p Vv 1ae ill-scale met and 


flexibility for the development of | lutonium fuels, 
coupled with improved continuity of operation and 
pe onne ifety 


Education 


United State Training of Foreiq? NVationats 


Education and training of required personnel is 


amount goal that must be accomplished in 


the 
rde hat development of nuclear scienct and en- 
gineering for peaceful purposes can be attained 


Recognizing this, the US Atomic Energy Commission 
has initiated several training programs to meet spe- 
cific needs. It is, however, a primary policy of the 
AEC that nuclear education of the type that can be 
provided by universities and industries should not 
be one of its activities. Thus, a strong program has 
been initiated for the development o! nuclear edu- 
cati facilities at universities. However, the most 
advanced and specialized aspects of training and ed- 
ication cannot be offered by these institutions, and 
the national laboratory facilities must be called upon 
for this kind of educational program 

Nuclear educational opportunities of the latter 
type which are open to both US citizens and foreign 
nationals can be divided into two categories, 1) 
formal courses administered and partially financed 
by the Commission and 2) individual training ar- 
ranged at oul national laboratories 

Among the formal courses Is a WO! ld famous short 
course in Radioisotopes Techniques, conducted by 
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the Oak Ridge Institute of Nuclear Studies for the 
last 10 years. Because of the number of requests 
from many different countries, the Commission ap- 
proved in 1954 the admittance of foreign scientists 
under a quota. This quota Is now 30 pct of the total 
enrollment. The four-week sessions are conducted 
six times a year. Training 1s provided in the prin- 
cipal techniques o! handling and using radioisotopes 
in research and in industrial applications Approx- 
imately 300 scientists from 46 foreign countries and 
about 2500 US scientists have been trained 

A second formal program, the International School 
of Nuclear Science and Engineering, was established 
in 1955 at Argonne National Laboratory Through 
1957, approximately 300 foreign participants from 
43 foreign countries and 85 US participants have 
completed this course, which offers a broad back- 


round in nuclear science and engineering 


Another expressed interest of the Commission 1s 
n the training of personnel related to international 
and regional agencies, such as the International 


Atomic Energy Agency, Euratom OEEC, and OAS 


Maritime applications 
The Nuclear-Propelled Icebreaker, by N. S 
Khlopkin of the USSR 


A powerful nuclear-propelled icebreaker was 
pro} 


launched recentiy In the USSR Its nuclear plant 
guarantees autonomous navigation for a period 6 
more than a vear without refueling This ship will 


The icebreaker's displacement Is 16.000 tons, and 


44.000 hr She 1s 


thi h 2-meter-thick ice felds 


« 


knots and 


The paper contains a 


ana turdo-gene iting syste! 

ists of three pressurized 

an independent primary circuit in which high pres- 
sure cooling water is circulating; the heat 1s trans~- 


ferred to the power circuit through a steam gen- 
erato! In the second circuit, water ol! medium 
pressure is heated and transformed into superhe ated 
steam. which is directed to the main turbogenerators, 
to the auxiliary turbogenerators, and to the aux- 
iliarv steam mechanisms and facilities 

There are four main turbo-generators on the ice- 
breaker, producing 11,000 hp each. They supply 
direct current for electric motors which activate 
three propeller shafts. In addition, auxiliary turbo- 
generators on the icebreaket produce alternating 
current of commercial frequency 

The radiation shielding 1s erected in the form of 
iron-and-water layers. Heavy concrete par- 
tially applied in those sections where the application 
of water tanks is difficult because of complicated 
geometry. The primary circuit installation area 1s 
kept under low pressures by exhauster fans to pre- 
vent the spread of radioactive substances into work- 
ing areas. Air is discharged through a_ hollow 
mainmast 

If necessary, as when carrying out maintenance 
work. radioactive water may be discharged from 
the circuit into protected tanks. It is dumped into 
the sea only after cooling and filtering it in 1on- 
exchange filters which reduce its radio-activity to 
the permissible level 


¢ ‘ the 
nlutonium-containing react fuels. This plant w productivity and to the stimulation OF ecol 
stern pal rf 
vide expt menta react oading evalua- bonds between the western and eastern pal 
al 
ting mn the Plutor im Re ian USS] t? 
housed in individual cell contal ation Col the main turbine 
trol. and the building structure lesigned as a capable of moving iii 
econdary containment shell to control the free con- ‘ta speed of 2 Mmm can travel in open wate 
‘ ten ximum > 1 
at 18 knot : 
- 
Nuclear Science and Engineering by J. D. Perkins, 
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EUROPEAN COOPERATION BUILDS 
NUCLEAR RESEARCH LABORATORY 


by F. W. Starratt and D. C. Johnston 


CERN, the European Organization for was born in 
July, 1953, its 12 member nations desirous of building 
the field of } gi -enegry par 


an international 


laboratory for basic research in 


? coms ( 


cyclotron alreday in operation and synchrotro 


assembly of accelerator components, exce 


need for expensive dimensional instability caused by 
complex hardware in pushing back the fror iperature and humidity, shifting and 
und in the field of atom lations, and other disturbances 
nvestigation of the possibility of 
cooperative laboratories was 


cyclotron at Berkeley, lif.. beginning stablishing regi 
I 1 by i i following an intergovernmental confer- 


numerous d 


ional, Scientific, and 


1947, attest to the important part played by anized foll 
icle acceler: n 195 result of the meeting, sponsored 


iti 
following th progre f by tl ni Educat 
ng vel ! ar] “ultural I nization (UNESCO), a board of con- 
yblem was formed. In their report 


by pooling t resou! f their ultant n t 

auplicate sucn ¢ : wo ot proposed suropean 
establishment g range pro- 


of an accelerator which would 


‘ss could th 


and expensive facilities. The prohibitive 
ty 


llations may be traced 


truction 
none in the world; and second, im- 


such insta 
nachinery on a larg 
of a less powerful machine of 


creating high-precision r 
nimizes, if m te construction 


and housing it in an atmosphere which mini I 


General plan of Proton- 

Synchroton building of 

the Organization for 

Europeon Nuclear Re- 

search at Meyrin, near 

Geneva, Switzerland. Still 

under construction, this 

synchroton and thot be- 

_ ing built at Brookhaven 

be the two largest. 
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classical design. The latter objective was established 


so that European experimentation in the field of 
high-energy physics might be initiated at an early 
date 


Meetings on this same subject were sponsored by 
UNESCO in 1951 and 1952, with all European mem- 
bers of the UN organization invited. In the absence 
of the Iron Curtain countries, which failed to 
pond, a preliminary organization was established to 
formulate long-range plans for a European nucleai 
and the supporting organization. In 
Meyrin, near Geneva, Switzerland, was chosen 


and in July, 1953, the 


res- 


research cente! 
1952. 
the site for the laboratory 
European Nuclear Research 
(CERN) was created by agreement between Bel- 
gium, Denmark, France, Germany Federal Republic, 
Greece, Italy, Netherlands, Norway, Sweden, Switz- 
erland, United Kingdom, and Yugoslavia 


Organization for 


Why a particle accelerator? 


Postwar studies of the disintegration of matter 
by high-energy, charged particles led to the dis- 
covery of large numbers of unstable particles. These 


particles are broadly classified as mesons and hy- 


perons, depending on whether they have a mass be- 


tween that of the electron and the proton or greate 
than the proton, respectively. Although many of the 


considerabl« 
All are 


proton, and electron of 


are individually named, a 
are known only 


the 


as strange particles 


dition to neutron, 


elementary quantum theory. In order to produce a 
satisfactory theory of the structure and properties 
of atomic nuclei—a problem of fundamental impor- 
tance to our understanding of the nature of matte 


more must be known about the extent and prop- 


erties of such particles 


Section of the ring of 
the CERN synchroton. 
A, magnet; B vacuum 
chomber; C, screw 
jock; D, concrete ring; 
E, elastic supports; F, 
concrete column based 
on rock; G, bitumen; 
H, 2-ton crane; |, ven- 
tilation; K, RF cavity; 


L, lens; M, vecuum 
pump; N, electrical 
cables; O, magnet 


water cooling; P, rails; 
Q, earth; R, rock; and 
S, tempercture regu- 
lating water pipes. 
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To study these particles, physicists must be able 


to observe them or the effect of their presence. This, 
in turn, requires a means of producing such particles 
for observation. To accomplish this goal, atoms must 
be bombarded by particles with sufficient energy to 
them apart and react with them to create 
different particles. A natural source of high energy 
particles exists in cosmic radiation, but such radia- 
provides particles with a wide range of ener- 
gies and with unpredictable frequency. In contrast 
can provide particles with 


break 


tion 
to this, an 
known energies when and where they are needed 
Accelerators to produce high-energy particles have 
more than 25 years, but energy require- 
requiring 


accelerator 


existed for 


have been constantly increasing, 


of new techniques and equipment designs 


ments 


the use 
Thus, in the USSR a 10,000 million electron volt 
accelerator is already in operation. Two 


(10 bev) 


units 


are now under construction elsewhere 
which are similar to each other in de- 
the two largest in the world when 
finished, are at CERN in Geneva and the Brook- 
haven National Laboratory in the US 


iargel 
These units, 


sign and will be 


Circular accelerators 


Almost from the start of their 
have been designed to speed particles around a cir- 


use, accelerators 


cular or spiral orbit rather than along a straight 
line. This is because the distance travelled by par- 
ticles during acceleration makes a linear machine 
undesirable from the standpoint of sheer size. For 
example, particles accelerated using the proton 
synchrotron under construction at Geneva will 
travel a total distance of almost 180,000 miles in 
eaching their final energy of 25 bev 


parti 
numbe 
>.» 
< “ ~ ’ 
P > a“ “as 
j - i ¥ ? ~ j 
to, MIAN 7 | 


Fig. ot right, arrival of magnet 
block at CERN. Fig, above, as- 
sembled magnet being moved 
into place inside synchrotron 


Fig. at right, inside of Faraday 
cage with horizontal accelerat- 
ing column ond ion source at 
left and ion source control plat- 
form at right. Fig. above, linear 
accelerator for injecting protons 
into synchrotron. 
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4 
— 
— 
— 
, 
NOVEMBER 1958, JOURNAL OF METALS—719 an 


Regardless of whether particles move in a spiral 
path, as they do in the synchro-cyclotron, or in a 
circular orbit, as in the synchrotron, they are con- 
strained in their path by a magnetic field and accel- 
erated by an electric field. The prefix synchro de- 
ves from the need for synchronizing the accelerat- 
ing voltage with the speed of the particles at higher 
energy levels, and with the decrease in angulai 
velocity due to their relativistic mass increase. 


Synchro-cyclotron 

The synchro-cyclotron at CERN was put into oper- 
ation August 1, 1957. It consists of two disc-shaped 
magnet poles with their faces opposed but not in close 
proximity. Charged particles are injected into the 
of the apparatus where they commence fol- 
‘owing a spiral path, being accelerated by an elec- 
same point during each revo- 
lution. Finally, they are ejected at high energy levels 

ong the circumference of the space between the 


agne Ene re 


cente! 


tric potential at the 


y levels for particles accelerated in 
ich a unit are limited by the strength of the mag- 
nets, which in turn depends on their size. This 
imposes economic limitations on the use of such ma- 
chines to accelerate particles above about 1000 mev 
It is for higher energy levels that the synchrotron 
ised. Particles accelerated in this machine speed 
ister and faster around a circular path of large 
diameter. The magnets in this machine are disposed 
circumferentially about the tube which encloses the 

rcular path of the particles. The design of this 
more economical in the use of magnets, 
ving more than forty times the energy level of the 


ynchro-cyclotron for a one-third increase in mag- 
net weignt 
The CERN synchroton 

It is this accelerator which is the pride of Euro- 


pean nuclear physicists. Still under construction at 
an estimated cost of $25 million, this machine’s cir- 


ibe already rests beneath the surface of the 


ground on its site near Geneva. A significant mark in 
the progress of construction was passed earlier this 
year when actual assembly of the accelerator com- 
ponents began. Operation of this unit is expected to 
begin in 1960 

Particles will make almost half a million revolu- 
tions of the 200-m diam tube, gaining 50,000 electron 
volts of energy each time around to reach the final 
level of 25,000 million electron volts. Discharged at 
a speed nearing that of light, they will be used to 
bombard the nuclei of matter placed in their path 

The stainless steel vacuum chamber through 
which the particles will travel has an elliptical cross 
section 8x15 cm and a wall thickness of 2 mm. 
Fifty vacuum stations about the circumference of 
the tube lead to 10-cm diam diffusion pumps 

Some appreciation of the control problem involved 
in such an installation can be gained from the reali- 
zation that in their half million revolutions round 
the tube, the particles must never come in contact 
with the chamber walls. It is this control problem 
which leads to the necessity for extremely high 
dimensional stability 


Structural design problems 

Construction of the 200 m diam ring on which the 
magnets and vacuum chamber rest was probably the 
most difficult problem. Stability within the limit of 
one part in 100,000 was achieved by resting the 
continuous concrete ring guides on 80 concrete pil- 
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lars, 2 m in diam, imbedded in solid rock. In order 
that changes in temperature might have a uniform 
effect on all of the supports, it was necessary to take 
special precautions to insure the uniform properties 
of the concrete used in their manufacture 

Finally, it is absolutely essential that the temper- 
ature of the ring remain constant, since a variation 
of 10°C in the temperature would produce a varia- 
tion of more than 1 mm in the diameter of the ring 
The building which houses it, therefore, will have 
its temperature controlled within 2°C. 


One hundred magnet units-250,000 
laminations 

The magnets which keep the particles in their cir- 
cular path consist of 100 units weighing a total of 
3200 metric tons. Each of these units in turn con- 
tains 10 magnet blocks, laminated from 


250 sheets of 1-m cold-rolled transformer sheet. Th 


which are 
laminations are precision stamped, interleaved with 
paper, and bonded with a hot-setting resin. Supplier 
of the magnet steel is the Ansaldo Shipyard in 
Genova, Italy 

Although handling the laminations and fabricat- 
ing the magnet blocks from them may seem to be a 
formidable manufacturing problem, their very num- 
ber holds the solution to the basic problem in the 
design of the machine. The fluctuations of magnetic 
properties between different lots of normal grades 


of transformer steel are too great to be tolerated ir 
i 


ator. Thus, it is necessary to insure that all 


an accele! 
the magnets in the accelerator are as nearly alike 
magnetically as possible. Among the laminations 
themselves, it is necessary to eliminate any repeti- 
tion of systematic properties, such as variations 
which might occur between the sheets at the top 
and bottom of an annealing furnace, as well as the 
effects of uneven aging. A statistical solution to 
these problems was determined, taking advantage 
of the large number of individual laminations, 
which makes it possible to obtain uniformity by 
mixing the laminations as they are fed to the fabri- 


cating operations. 


Injection and bombardment 

Generated in a Cockroft-Walton cascade genera- 
tor, the particles will pass into a three-section Al- 
verez-type linear accelerator to reach an energy 
level of 50 mev. The stream of protons, thus pro- 
duced, will be fired into the proton-synchrotron. 
When they have reached the desired energy level, 
the particles will emerge through a 30-cm slit into 
one of two experimental halls adjacent to the ring. 
In these halls, which are shielded by several hun- 
dred concrete blocks each weighing almost 2.5 met- 
ric tons, the streams of high-energy protons will be 
used in nuclear experiments 

These experiments wi!! fall roughly into two 
types: first, by bombarding matter with the parti- 
cles, hyperons and mesons will be produced, per- 
mitting nuclear scientists to study them and pos- 
sibly to make discoveries of new particles; second, 
the machine will allow its users to pioneer in the 
study of nuclear reactions at energies higher than 
those available with the new Soviet machine, a 10 
bev accelerator. 

This exciting experimental work, combining the 
efforts of 12 western European nations, will begin 
with the completion of the CERN proton synchro- 
tron in 1960 


SOVIET BLAST FURNACE PRACTICE 


Continuing the JOURNAL OF METALS’ survey of operating practice in major 
Soviet steel mills, we present a survey made by a leading American 
authority on blast furnace practice during his recent visit to the USSR as 
a member of a group sponsored by the American Iron & Steel Institute 


by J. H. Strassburger 


fb recent visit of a team of American steel ex- 
perts to the USSR permitted detailed examina- 
rf major steel plants, including 
Chelyabinsk, Magnitogorsk, Kuznetsk, Zaporozhstal, 
Dneprospetstal, and Krivoi Rog. However, previous 
American teams had visited some of these plants 
and reported on them JOURNAL OF METALS, March 
1958 therefore, I shall limit my description of 
ace and sintering operations to two plants 
netsk Works at Stalinsk in south central 
Siberia and the Zaporozhstal plant in the Ukraine 


ot 


Kuznetsk 


Kuznetsk is an integrated steel plant located in 
the center of what is reported to be the third largest 
coal deposit in the world, outranked only by the 
Eastern Siberian area No. 1 and the US Appalachian 
i No. 2. Coal reserves amount to an estimated 
450 billion tons 

Iron ore deposits have been found in the area at 
Kakasia and at other nearby locations. Most of the 
ores are magnetic. This region also has dolomite, 
sand, and clay deposits 

Plant construction was started in 1930 with the 
first blast furnace blown-in in 1932. Nine months 
later the open-hearth department and rolling mills 
were started for the production of rails, beams, and 
heavy shapes. 

Sinter is made at the ore mines about 60 miles 
away and, although self-fluxing, contains a large 
amount of fines, stated to be 30 pct -%s in. This has 
an adverse effect on good blast furnace operation. 
In addition to the fines created by handling of the 
sinter six times between the sintering plant and the 
top of the blast furnaces, the sinter contains an 
appreciable amount of unburned fines. The iron con- 
tent of the sinter is about 52 pet with 11 to 13 pet 
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4 
Ore train at Magnitogorsk 
| 


510., whereas, the ore contains 49 pct Fe and has a 
basicity of (CaO:SiO.) 0.4 as compared to 1.35 t 
1.40 pct for the sinter 


Coke ovens 


There are six batteries of coke ovens at Kuznetsk. 
ovens, or a total of The 
wide and 14 ft high. The plant is 


S42 hr coke producing about 6000 net tons 


each containing 55 330 
ovens are 16 in 
pushing 1 

daily ash, 


The coke analyses show 8.5 to 8.6 pct 
o 0.6 pet S, 6 to 7 pct moisture, 
matter. Coke is 10 to 11 


S, and 2.5 pct moisture 


anda <<.0 
volatile 


Blast furnaces 


At this plant there are four furnaces of 46.000 
king volu with a hearth diam 


‘iv automat 
which includes the 
one, and coke 
t furnaces produce about 1700 net tons of 


at a 1500 lb coke rat 


and 


into 70 ton ladles 


e, 1200 lb slag volume 
140 lb of d Th ‘ast six 
From { 

are blown, with blast tem I 
a maximum of 1600°F. Mois- 


ad of the s 


grains per cu ft. Top temper 
to 650°F with 9 10 psig 

urnaces also have sixteen 

out at the rate of about 

to 70 to 80 pct of 

h 

2 in. Forty pou 

of iron produced 
exists due to the sin 
lost time amounts 


ignificant that 


to only 0.3 pct per 
in all of the furnaces visi 
blast is maintained on a continuous basis with prac- 
tically 


no checks during the casting of the furnace 


Above, Soviet blast furnace design expected to be in operation 
in 1960 with a production of 5000 net tons per day. Volume 
to be 77,660 cu ft with 24 tuyeres blowing 176,500 cu ft 
per min at 42.7 psi, and top pressure of 21.3 psi. At right, 
view of Magnitogorsk taken by John Chipman. 
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It was 


stated a rf check 


that a 


ration because 


the plants, 
tends to upset the entire 
the stock settles down, fluidized condition 
blast furnace is altered, causing an upset fur- 
nace condition 

Lining life at Kuznetsk averages 3's 


ining above the manile, 


to 4 years on 
with the second 
The complete lining, 
i 7.100.- 
000 net tons of iron per lining. Furnaces ! l and 
No caroon hear hs both 


hout vear 
apout vears 


including the hearth, lasts 9 to 10 vears with 


carbon walls and bottom, whils 


Wallis 


bon 


sufficient 
prever arpage. In 


f contact wel 


round and po 


Stoves: The: 


talled on tl 
hr, and an 
About 24 
toves with 


stove 


soakin 


Automatic charging 
At the 


skip pit, there is a hopper! 


‘rent programs 


a punchboard 


ime of our 
t. 900 lb of 


14 


500 


ter Was Cn 


furnace scrap 


was identical to the 


gi, 
} 
ee No 3 has only car- 
pe | 
pe In regard to the bell operation, it was stated that 
= three to four vears were obtained on a large bell 
' is a rigid, elasticity in the 
noppe! t idition the 
cu 
face 0 metal which is 
: This ind 
KIp f all 
a Ee are four stoves per blast furnace 
: BI - with automatic stove changir on three furnaces 
a 
daily and one soon to be ins e fourth furnace 
300 Ib stone Stoves are on blast 1 ple time is pro- 
: vided for stove heati1 pet of the total 
times dalilv 
: gas is burned in the irners having a 
cfm of wind 4 
capacity of 29.500 “At Kuznetsk, the 
, stove cycle is as follows: one tove on blast, two 
ture is added t Fe and ; 
stoves heating. and one stove HEE c. In addition to 
. the automatic control, there is also a manual board 
al pres- 
for the control of the stoves 
sure iveres 
wh Sin- 
tel th the 
— from of a fairly large 
1, s of 
." ds « size, which can hold the charge from the scale car 
a The hopper feeds the skip on an automatic filling 
, nes, cycle. The scale car itself is automatic and « perates 
without a man. The car has five diffq______ 
) which can be altered or adjusted by 
mestone 
lowed by Hm 1! f sinter. In the third step, 
TIO 15.400 lb of and at the fourth 
a9 step 2200 lb of SE and turning were 
7 ~ 
ET i ised; the fifth step EEE fourth 
T ~ 
i 
2 
| 
BON 


Gas sampling 


Another practice at this plant is to take gas sam- 
ples just below the stockline at right angles to 
the shell. Two samples are taken on opposite diam- 
tel time. It requires about 30 min to 

four samples once every 24 hr. Ordi- 

lary heavy 2 in. pipe without cooling is used for 
sampling. Two men are although 
automation is being considered. The Soviets claim 
hat this method of sampling can tell them whether 
furnace is running smoothly or channeling. If 
hannel condition exists, they have found it can 
for many hours, and that the 


re quired for this, 


] 
Las-analVsis 
probing at the po ie furnace can give them a 


good picture of the internal working of the furnace 


Furnace with hearth cooling 
Kuznetsk has hearth cooling on one 

installed in 1956. Hearth 
vy circulating air in the foundati 

rick hearth. The air is furnished by 

a 40 HP motor at: 

ducts 


each square duct 


furnace 


lich was cooling 


fans at 10,000 cfm with 
Each f rh two square 

nter ducts, 

nine 8-1n 

ing nine 5-in. pipes each 

ling pipes in the foundation. The 


pipes each 
36 coo Ss 


fe at the bottom 


ron content of the burden so 
on dry basis will contain a minimum 
with SiO, reduced to 6 to 8 pct; 
second step would be to lower the coke 
by th higher blast temperatures 
content: 


ichment: and 


optimum m 
The Lust ryveen enl 


Complets 


automation of the furnace opera- 


re differential control in the stack 
sure take off at three different 
‘his would control volume, temper 


Zaporozhastal 
» inte- 
! except for the coke ovens which are adja- 


The Zaporozhstal plant is also completely 
rated, 
cent and operated as a separate company. It was 
started in 1933 and was completely ruined during 
World War II. All the equipment was removed by 
the Russians, but the buildings and other parts of 
the plant were demolished. The plant was put into 
operation again in 1947 

It has the following departments: A sinter plant 
with six strands of 540 sq ft each, producing a total 
of 14,300 tons of sinter per day or 4,750,000 net tons 
per year. The sinter contains 46.5 pct Fe, 14.5 pct 
SiO,, and 1.3 pet MnO, and has a basicity of ap- 
proximately 1. There are five blast furnaces with 
the smallest producing 1300 and the largest 2000 
tons per day for a total production of 2,750,000 net 
tons yearly. Four furnaces produce basic pig iron, 
and one foundry iron. Sixty percent of the pig iron 
produced is sent to the open hearth furnaces, and 
the balance of 40 pct is sent to other plants. 


Blast furnace department 
The blast furnace department consists of two 
34,000-cu-ft furnaces, designated as No. 1 and No. 
2. No. 3 has a working volume of 46,000 cu ft, No. 4 
43,800 cu ft, and No. 5 has 49,000 cu ft. The 
tter has a hearth diam of 26 ft 10 in. and produces 
over 2000 net tons of iron daily at a 1580 lb coke 
amounts to 500 lb per ton, with a 
slag volume of 1740 lb. Dry dust ranges from 120 to 
This furnace is normally operated on 
sinter, which is charged at a tempera- 


rate. Limestone 


» of 88,000 cfm is blown with mois- 

amounts from 10 to 11 grains per 

The average blast temperature is 

a maximum of 1650°F. Top tempera- 

is 750° F, and top pressure amounts to 11.5 psig. 

furnace has sixteen 7-in. tuyeres and operates 

three stoves of 270,000 sq ft each. Tuyere 
changes amount to about five per month. 

Low grade raw materials: This plant is handi- 
capped by relatively low grade raw materials with 
the ore containing 51 to 52 pct Fe and 19 to 20 pct 
Si0.. The sinter contains only 46.5 pet Fe and 14.8 
pet SiO. because of the lime added to make a bas- 
icity of 1. Coke contains almost 10 pct ash with 1.8 
pet S; so, a large sulfur load must be handled 
Nevertheless, furnace operation is relatively good, 
due largely to the use of large amounts of sinter, 

gh top pressure, and high blast temperature 
typical of the Soviet furnaces. Lost time was 
stated to amount to only 0.4 to 0.5 pet 
Hanging occurs about twice each 
Lining life is relatively good 

1 five vears minimum on the stack lining. It was 

the No. 1 stack lining above the mantle 

ually produces 3,600,000 net tons of iron, and that 

2 stack produces 4,400,000 tons with the hearth 

ing for 10 years or two stack linings. Only in 

No. 3 furnace is carbon used in both the hearth and 
side walls of the crucible 

Future plans: The Zaporozhstal plant expects to 
rebuild its for 1800°F blast temperature 

also planning to use natural gas injection 

he tuyeres, stating that they hope to get a 

> pet in coke and no increase in iron 
Quantities of natural gas from 2100 to 2500 cu ft 
‘r ton of iron will be used; the gas will not be pre- 
This practice is evidently an attempt to sub- 

stitute gaseous fuel for expensive high-sulfur coke 

At this plant the maintenance of wind volume at 
all times without checks was strongly stressed as an 
important factor in furnace production 


Lining life: 


month per furnace 


stoves 


Conclusions 

All of the plants visited had been constructed 
since 1932 and were, therefore, relatively modern in 
their fundamental aspects. Much has been done in 
recent vears to reduce the coke rate; most furnaces 
operate with high top pressures, and relatively 
high-temperature, humidified blasts. 

They have been operating on high sinter burdens 
for some time, but at one plant the sinter produced 
at the mine contained some 30 pct fines by the time 
it had reached the furnace top. A second plant is 
having difficult operating problems with high-sulfur 
coke and relatively low iron burden. 

Future trends appear to be toward increasing the 
iron content of the burden, higher blast tempera- 
tures, and automation of furnace operation. 
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tu 
n 
) 
é 
air rises about to 14°F in going through the Pos. 
foundation. It is claimed that this method of cooling eer 
will maintain the bottom for a much longer period ae 
and prevent cracking. In fact, the objective is to eid 
K k i 
uznetsk improvement program 
With reference to improvements, we were given an 
the following program 
1) Incre 
that th Sil 
na 
of 60 pet Fe ae 
2) The 
rate furtl 
and 
t 
I 
a 


OPEN-HEARTH SHOPS OF THE 


practice showed that many fac- 


Ou 


I 
nd suspende 


by K. C. McCutcheon 


steel experts, who recently visited 
Union under the auspices of the 
nn & Steel Institute, were conducted 
of the best Soviet mills. The oldest was 
ne after 1933 “hey followed Western 
iat time, but they have been improved 
the most recent ideas 
ed Chelyabinsk, South Urals District in 
la—capacity 1,892,000 tons of ingots per year 
11 open-hearth furnaces capable of producing 
1,642,000 tons, and five electric furnaces of 242,000 


? 


Cal 


Magnitogorsk, South Urals District in Siberia 
pacity 6,600,000 tons of ingots per year from 


28 
open-hearth furnaces; 

The Kuznetz combine at Stalinsk, South Central 
Siberia—capacity 3,300,000 tons of ingots from 13 
open-hearth furnaces and two electric-arc furnaces; 

Dneprospetstal Ukraine—1,050,000 tons of 
pel 1 16 electric furnaces; 
2.920.000 tons of 
open-hearth 


ingot capacity 
Zaporozhstal in the Ukraine 
ingot capacity per yeal rom 12 
furnaces 
Some of the group visited Krivoi Rog, which was 
destroved during World War II and is now being 
rebuilt. It expected to produce 900,000 tons of 
his year by the LD process. Six open-hearth 


no 


furnaces are being built 


High output rates 

Open-hearth furnaces in these plants are charged 
with scrap, 60 to 70 pct hot metal, and ore. They 
are fired with mixed gases. But we found them pro- 
ducing at as high a rate as some of the best American 
furnaces and better than many, which would not 
be expected with mixed-gas firing 

This they do not accomplish by any one thing, but 
by a combination of a number of things. They have 
good technical and engineering understanding of 
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rate. But, particularly 


basic furnace roofs 


problems. Their technical and operating force has 
good practical knowledge and ingenuity, and their 
morale is hig They have set their goals and, all 
know the Incentive pay is earned when they 
reach them. In addition to pay, public recognition Is 
given to individuals and crews. The union, in addi- 
tion to bargaining for incentive pay, vacations, and 

benefits of all kinds, has an important com- 
mittee which works on increasing production. Fur- 
furnished with tech- 


thermore, steel workers are 
nical instruction and are encouraged to take these 
classes in order to increase their technical know!l- 
edge and thus merit promotion to better jobs 
Good plant layouts 

The way these plants are laid out and equipped 
would make any open-hearth man’s heart swell 

The smallest charging pans seen were 32 cu ft, 
and they have 42 and 61l-cu-ft pans, which seemed 
to be well loaded and leveled. There are low-type 
charging machines, one for each two or three fur- 
naces. In one plant, we saw them charging one fur- 
nace with two machines 

To get the hot metal poured at the right time we 
saw an ingenious innovation—hot-metal spouts with 
a water-cooled nose. Equipped with slings, they are 
suspended in the end doors when about ready for 
metal, and are up high enough so that loaded pans 
on buggies can pass underneath to other furnaces. 
Two to four ladles of metal would be received by 
the furnaces, and the spouts would remain in posi- 
tion until the charge was completed. Two ladles of 
metal are sent down from the mixers on transfet 
ladle cars and poured, one at a time 

Besides the usual front flush into a pot on a trans- 
fer buggy underneath, there is a flush hole at each 
end in the back wall. Thus, they are prepared for a 
good, rapid flush, which they should get, if metal 
is poured at the right time. 

At Magnitogorsk, they have 1200-ton mixers in 
every shop except No. 1, which is the new shop, and 
which still takes metal directly into three 250-ton 


gnificant are the hot-metal spout a ee 


furnaces. At the No. 2 shop of Chelyabinsk, there is 
a 550-ton mixer in the pit aisle for one 198-ton and 
five 105-ton furnaces. We were told that the hot- 
metal spout permanently in the back. At 
Kuznetz, each shop has a 1200 to 1400-ton mixer, 
while at Zaporozhstal there are two 1430-ton mixers 
Metal is transported from the blast furnaces to the 
Kling-type 80-ton ladle, which 
g metal to the open hearths 
No 2 at Chelyabinsk, are 


equipped with hot-metal cranes at the rate of one 


Stays 
mixers in the same 


tter 


for each three furnaces, or bette! 


Pit-side arrangements 


The No. 2 shop of Chelyabinsk is for special steels 
t is equipped with five 100-ton furnaces tapping into 
one ladle, and one 198-ton ladle tapping into two 
ladles through a bifurcated spout. It has five 154-ton 
ladle cranes, one of which serves the mixer located 
in this aisle. This shop, which is the oldest shop, is 
e ones that we visited: it is equipped 
9-ton overhead rotating cranes which 
pick up charging boxes set up at floor level by slings 
in groups of four 
pit side, all shops are more generously 
equipped with pouring cranes than in the US. In 
order to judge their supply of cranes, it is well to 
realize that they are going to many two-ladle heats, 
which in slag pots to be 
handled per furnace and a 100 pct increase in steel 
ladles. For instance, at the Magnitogorsk No. 2 shop, 
with one 220-ton furnace pouring into one ladle and 
twelve 440-ton furnaces pouring into two ladles, all 
with two stoppers, this means 25 steel ladles, 36 
slag pots, 50 nozzles, and 5 stopper rods. This is 
compared with a similar size shop using single-ladle 
pouring where 13 ladles are required, 13 nozzles, 13 
stopper rods, and 26 slag pots 
From a production standpoint, the Soviets may be 
to Justify the higher proportion of cranes which 
they use. In the US, we tend to be short of auxiliary 
equipment in the form of charging pans, switching 
service, charging cranes, hot-metal cranes, and ladle 
cranes. It might be a good idea to restudy this, since 
these services enter into the high production 
rates which we observed in the USSR 

In addition to the matters just mentioned, part of 
the process of tapping heats out in fast time is at- 
tained by releasing heat in the hearth at a high 
rate and having furnaces which will stand up in 
such a practice 


means a 50 pct increas¢ 


abie 


all « 


Open-hearth furnaces 
ot Magnitogorsk; 
photograph by John 
Chipman. 


Mixed-gas firing 

From what was seen, it appears that the Soviet 
steelmakers have a good scientific knowledge of fuel 
burning and have developed a practical way of using 
mixed gases. In all open-hearths which we saw, 
they were using blast-furnace and coke-oven gas, 
both preheated in a regenerator chambe! 

This mixed fuel was introduced through a Blai: 
port. Its velocity and momentum is increased by 
using a compressed-air injector to blow external ai 
through a 6-in. line into the port through the end 


bulkhead. During the melt down, 2 he total 


fuel is introduced in the form of tar or pitch, atom- 
ized with steam. Later, when fuel is reduced, the 
coke-oven gas is decreased, usually with no change 


in the others. All flows are controlled by instru- 
based 
on time, with a protective high-temperature limit 
Where they have oxygen available, it is introduced 
into the furnace through pipes on either side of the 


Blair port, parallel to the port slope. Fuel consump- 
tion is reported as 3,900,000 Btu gross 


ments, and reversals are made automatically 


including 


auxiliaries 


Suspended basic roofs 

Another thing of note i 
sprung or arched suspended basic 
hold-down which is used in every furnace we saw, 
and is reported to be universally used 

The roof life reported at Magnitogorsk is 420 to 
450 heats on the 440-ton furnaces and 650 to 700 
heats on the 220-ton and 275-ton furnaces, usually 
without patching. On the 440-ton furnaces, they take 
out slag at mid campaign, replace the ten top courses 
of checkers and renew end walls, port bridgewalls, 
front walls, and top of backwalls. This requires 48 
hr. For the smaller furnaces, this is done twice 
Other plants are very close to this. This gives an 
over-all availabilty of 94 pct or better, it is said 

One thing which contributes to these results is, 
without doubt, their practice of keeping the fur- 
naces hot between heats and also during the front 
wall and end replacement period, when they say that 
they use auxiliary gas burners in the doors. We saw 
one furnace down for slag removal in No. 1 shop at 
Magnitogorsk when the burners were not in use 

Roof brick: The analysis given for the roof brick 
was 69 to 71 pct MgO, 10 to 12 pct Cr.O,, and 9 to 
11 pet Fe.O,. At some plants the same brick is used 
in fronts and backs. In the port ends, the analysis 
given was 51 to 56 pct MgO, 16 to 19 pct Cr.O,, and 


1 Soviet practice is the 
roof with optional 


vig 
© 
= 
ig - 


pet Fe.O,. In addition, they reported im- The roof construction, and the brick analvsis, and 
proving the life by changing the grain and increasing physical structure probably all contribute to the 
pressure mn the brick presses, and burning hard good results attained. The Soviets said that they are 
T ey appear to have succeeded by these means in not satisfied and are trying to improve so as to get 
getting a brick which does not absorb much FeO in 1000 heats per root 
the melting zone of the furnace and does not swell z. » 2 
and grow A few interesting details 
oof construction technique probably helps in The following are a few deta f erest t 
much the same way. In the transverse direction of open-hearth men 
each ring, every ninth pair of bricks is supported On the Soviet furnaces, the front buck ype it 
b 2x2 in. pin, extending through a 's-in. plate at about 11° to facilitate a wee patching with 
nto each brick. The plate extends up and is bent basic paste 
OVE pa of back-to-back angles, which extend At Kuznetz, it was re ported that skew back « t 
from one end of the roof to the other. These occu (and probably Blair-p« coolers) were cooled witt 
ibout eve 2 ft of transverse arch. At each set of steam vapor, which was returned t le bonle 
buckstays, an arched structural member spans from The jambs of the doors are also cooled about 
front to back, about 30 in. about the roof. The longi- half way up with pipe coils 
tudinal backed angles are suspended to these cross- Tap holes are closed from the front by mea! f 
tructural arches. Between each pair of bricks is a a charging pan, which has a pipe wel 1 to the t 
1/16 in. plate with a hole through which the %x2-in tom at the outer end. Refractory ng. usually 
pins extend into shallow holes into each side of every nagnesite, runs into the hole tl igh the pe 
oof brick, thus loosely suspending each brick in the The nozzles are made of magnesite and t stop- 
ng by the two adjoining bricks. This tends to al- per heads of clay brick 
ow the brick to be open on their inner hot ends Bauxite is used in place fluorspa 
The straps, which support the longitudinal angles The doors are banked by me irge box 
have around them a sleeve of pipe, which can be filled with dolomite and « pped w two chutes 
ised as a hold-down. When the rings are put in, they carried by an overhead crane. With tl they cal 
ire supported by centers, as is usually done in put- bank all doors more quickly, probab th with a 
ting in arches. When the centers are removed, the Payloadet 
roof is expected to drop about 2.4 in If it does not At the Zaporoz! Stal plant, there a tw xvger 
do so, results are not as successful, it is said. This jets in the roof of each furnace whi e used f 
nking of the roof and the loose suspenion between 15 to 20 min on the incoming end « at e rate 
the supports, due to play in the pin sockets, probably of 3600 cu ft per hr. The inject a 4 eel 
prevents spalling of the ends caused by pressure, pipe for water jacket with a coppt ( e end of 
esulting from temperature and some growth in the the same outside diamete vith a ght cente 
brick hole and four 45° orifices, equa paced 
lr der to understand more fully just how the ’ 
oof was constructed, some of us climbed up a ladde1 Conclusions 
mn the end of a furnace, which had about 180 heats As is evident from this discussion, many thing 
and spent some time examining it. This was at have contributed to the good result ed by the 
Kuznetz. None of the hold-downs were operating as Soviets on their open hearths, but I feel tl the 
hold-downs, and they said that this was often the hot-metal spout and the basi f set-up are unique 
ase throughout the run. We saw photos of the fur- and, probably very important. From what I have 
iaces at Zaporozhstal on which the main suspension mentioned, it evident that the Soviet met 1 st 
tructure wa omewhat different, and the suspend- have made great progress in refracto fue ind 
ng straps were not equipped with hold-down pipes instruments 
Table |. Soviet Open Hearth Furnace Tabulation 
Stalinsk Chelyabinsk Magnitogorsk /aporozhstal 
IH Product 957 
NT 100.000 1,650,000 6.600 2 | 
No. Furnace 4 11 5 3 4 2 1 2 
c t 21 420 105 198 or 220 27 $4 22 440 
Fur eD 
Hearth Le ft 48.5 8) 48.5 (3) 525 32.8 (1) 41.0 (2) 46.0 445 47 47 
He W ft 15.8 17.1 17.1 13.1 13.1 16.4 15.8 16.7 7 f 174 
Hear Are sq ft 765.0 830 900.0 430.0 38.0 755.0 700.0 B00 304 tT Ri 
Depth of Ba 48.0 31.5 38.0 35.0 3.5 49 7 48.0 
(nharge 
Hot meta 63 pet 65 pct 66 pct 65 p« 0 pet 
Scrap pet 35 pet 44 pet 16 pe t 
O 6 pet 6 to 10 pet 6 to 10 pet 8 yx 
Limestone 5 pet 4 to 4.7 pet 41 
Productivity, NT 
t 2 29 to 31 12.2 20 26 24.2 30.8 2 41 
per ton ste« 1,900,000 gross Btu 4,360,000 gross Btu 3,900,000 Btu 
(includes drying) ncludes drying 
Compressed air used 
cu ft per? 70,000 16,000 24,700 
Roof life heat 600 to 700 400 to 500 600 480 to 520 380 to 400 650 to 700 650 to 700 420 to 454 440 
Tapping adie 2 ladles 1 ladle 1 ladle 2 ladles 1 ladle 2 ladles 1 t 2 ladle 
double double double ce 
stopper stopper stopper stoppe 
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A review of Soviet and Western literature 
covering the following four aspects of this 

field theories of strengthening. the reila- 
tion of strength to bond forces and diffusion, 
theories of high-temperature strength, and 


he relation of high-temperature strength 


to phrase diagrams 


RECENT 
SOVIET LITERATURE 


Drawing by Dovid Cain 


on 


STRENGTH - TEMPERATURE RELATION 


by R. W. Guard, W. R. Hibbard, Jr., and R. E. Hoffman 


ithin the last three to five vears a considerable 
W* dy of Soviet papers have been published on 
theories of strength and elevated temperature prop- 
erties. The present paper compares the status of 
Soviet work on the subject as evaluated by com- 
parison of these papers with the unclassified litera- 
Western companies in a comparable 
period. It represents a critical evaluation of that 
part of Soviet metallurgy dealing with elevated 
temperature behavior of materials, and is valid to 
} 


the extent which their literature represents the ac- 
tual state of knowledge in USSR 

In general, the reviewed material was presented 
by research laboratories of the Academy of Sciences 
and a few central industry laboratories. Production 
and development work on actual materials is not 
covered. The most active single group in this field 
is that at the AA Baikov Metallurgical Laboratory 
of the Academy which includes Kornilov, Savitskiy, 
Oding, and Ivanova 


R. W. GUARD, W. R. HIBBARD, JR., and R. E. HOFFMAN are 
with the General Electric Co., Research Laboratory, Schenectady, 
N.Y 


The review covers four different aspects of this 

i: theories of strengthening: the relation of 
strength to bond forces and diffusion; theories of 
t strength; and relation of high 
perature strength to phase diagrams. In dis- 
topics the Soviet emphasis on 
phenomenology rather than mechanism should be 
noted. The major part of the work reviewed has 
shed he last few years and is given in 


1ed in 
the bibliography attached 


cussing each of these 


been publi 


Theories of strengthening 
The significant factors related to strength have 
been summarized as follows (Zakharov.” Bochvar.” 


A) An inherent technical strength derived from 
elastic behavior and related to interatomic 
binding. This strength may be evaluated by: 


1. Heats of sublimation, 
2. Atomic specific heat, 
3. Melting temperature, 


Interatomic spacing, 
Energy of self-diffusion, and 
X-ray spectra measurements 


UI 
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B) Structure sensitive strength derived from are collecting large amounts of supporting experi- 


1. Crystal lattice structure and dimensions, mental information. In recent years US workers 

2. Structure within grains (blocks, sub- have become more mechanistic and less phenom- 
rains), enological, as evidenced by Parker and Washburn 
Polycrystalline grain. structure (size, (Trans. ASM, 49A, 1957, p. 227). This latter paper 

shape and orientation of grains), was written about the same time as most of the 

4. Structure of grain boundary, and Soviet papers reviewed here. An interesting con- 

). Structure and distribution of second trast is the 1957 ASM volume on Creep as compared 

phases to the 1957 Soviet volume on Research on Heat Re- 

The 1 sistant Alloys. The state of empirical knowledge 
’ Cane Se ee appears to be similar in both countries, (the Soviets 


A) Viechanical deformation, i.e. fragmentation may have more supporting data). The US and the 


shea! by the 


nin , Which is related to while 


1e chemical and electronic effects of solute mechanisms, de 


C) Dispersi ‘ning, which primarily causes 


Relation of strength to bond forces 


blocking Of shea! 
D) Strong second phases segregated along grain A very large effort is going into the co 
boundaries. resulting in complex structures of bond strength (measured by X-ray techni 
th f Tr 


which 


atoms 


teratomic forces are On reason- 
There are two different factors emphasized in dis- ably firm grounds, the correlation of this force and 


as- 


rmation 


bonds are 


] 
1e local! lattice distortions are 


is associated wit 
e temperature dependence of plasticity (Pres- The theory of the X-ray technique for measur- 


bond strength from X-ray intensity data has 


Lie 


the recrystallization temperature, and slow diffusion US. The present status of the method is that semi- 

Heat resisting strength characteristics are related quantitative values of average lattice distortion can 
to modulus at temperature, which is interpreted as be measured; however, local distortions may be 
a measure of binding and inherent technical quite variable and no theory exists for their deter- 
trength, (Dzagurova, Zakharov and Sirota”) and mination. The work of Borovskiy’ represents a good 
to recrystallization temperature. Creep is primarily attempt to obtain such a value and is a competent 
controlled by the high temperature strength of piece of work. It should be noted that it is not suc- 
econd phases and their distribution. (Glasov, Zak- cessful in developing a general quantitative argu- 


Mucl f the work is descriptive and In summary, this portion of the work stands in 
mechanistic explanation, e.g. highest hardness in the position of American research on solution hard- 
binary nickel alloys results from additions o ening of 1936 to 1946. The results are correlatable 
Cr, 12 pet Mo, 11 pet W, 4 pet Ti, or 1 pet Al (Blan- on several schemes, but no quantitative a priori cal- 
ter, Kuznetsov, Lozinskii and Sinodova”™). Disloca- culations can be made 
tions and defects are only occasionally mentioned In the field of diffusion great emphasis is placed 
(Bochvar"). The phenomenology is primarily intul- on the relation of diffusivity to high temperature 
tive and is not uniquely supported by data strength and stability. The primary emphasis ap- 

Alloying principles are empirical, e.g. make the pears to be the establishment of a correlation be- 
most complicated binary alloy possible, add the tween the activation energy for diffusion with bond 
most complexing third element and then add the energy. Actually, the concept of bond energy is a 
most complex fourth, etc.-------- etc., additions quite nebulous and an undefined paramete! In 
should be made as compounds rather than as ele- reality, the diffusion parameters are correlated with 
ments because compounds are twice as effective such properties as mechanical strength, shift in 
(Zakharov” ) X-ray absorption edges, amplitudes of thermal vi- 

Most of the strength concepts are geometrical or bration, lattice parameters, melting points, etc 
are related to the periodic table type characteristics which in turn are somehow related to interatomik 
of the constituents and microstructure on an em- binding 
pirical basis. Much of the Soviet approach was used It is to be emphasized that these correlations are 
in the US five to ten years ago. Many of the above purely empirical in nature, and no attempts are 
statements regarding strength will be found in US made to suggest possible mechanisms to account fo 


summaries such as Schwope (Trans. ASM, 46A, the observed interrelations. Furthermore, even the 
1954, p. 108) or Nisbet and Hibbard (Trans., AIME, validity of some of the correlations must be con- 
197, 1953, p. 1149). While US authors were inclined sidered doubtful because of questionable experi- 
to speculate on a minimum of data, Soviet authors mentation 
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| 
of the lattice and blocking of SE Western world have taken a step well ahead in 
lattice fragments mechanistic studies in the past four to five years, 
B) Solid solution harde i EEE. the Soviets are just beginning to investigate 
fects, and dislocation 
ation 
ies) 
rk is 
} ‘ ‘ ut ‘ the 
‘ cussing alloying effects. In one case the effects are trengt ] made I ne generally inW ‘ — 
related to bond strength of the matrix; in the sec- sumption that the strength is not determined by the 
ynd case the strengthening is related to the phase microstructure, (i.e. distribution of solutes) and has 
diagram. For example, solid solution hardening is no basis in the theory of dislocations. Although a 
related t the polarizat ilitvy and of change in may 
electron shells (Shishokin™). Strong == well be that tl much 
; created by solute atoms with excess charges forming more important. No quantitative calculations can Dé 
blocks or clusters (Borovsky”). Optimum alloying made on the basis of Soviet theories and the quali- 
4 capacity of a lute element is related to maximum tative tests leave much to be desired. (See Rovin- 
solu 
nyakov"). Solute aton nerease interatomic link- the 


These papers can perhaps best be characterized 


as representing the engineering approach of making 


asurements On many complex, commercial alloys 


and drawing empirical correlations therefrom; in 
contrast to the scientific approach of attempting to 
nderstand the fundamentals of the diffusion proc- 
and of exploring possible models and mechan- 


sms for the role of diffusion in other processes 


Theories of high temperature strength 
The strength of metals at high temperatures has 
by many Soviet workers (See fo! 


een 

exan var) on the basis of vacancy or de- 
fect models similar to those of Herring and Nabarro 
They find this attractive because of the correlation 


between high temperature strength and melting 
temperature and heat of melting. The main hypoth- 
esis is that deformation of the metal involves local 
s similar to melting so that such correla- 

ns should be valid 

The works of Mirkin~ and Oding” represent de- 
parture from this idea. Oding presents a dislocation 
model of creep, but, in some aspects, the model is 
atne! versimplified. In no case does he conside1 


recovery processes in the detail which seems neces- 


sary to a proper understanding of creep behavior. 
The theories rely primarily on observations of 
macroscopic parameters and little on microscopic 
bservations. The work so far reported is similar to 
that of Grant, Wood and McLean of eight to ten 
vears ago (See for example Yakovleva’). In no case 
re the mod leveloped capable of quantitative 
verification or critical testing 


Metallography, phase diagrams and 
high-temperature strength 


The work of Kornilov and co-workers rep- 


resents a voluminous contribution to the literature 


elating composition and properties. While correlat- 
ng the high-temperature strength with composi- 

n, in a manner similar to Nisbet and Hibbard, 
Kornilov derives certain principles of alloying. The 
so-called complexity effect has been observed by 


many others. The work of Kornilov on complex 
lloys does not shed any light on the nature of this 
effect or it rigin. The preoccupation of the work 
with composition leads to a neglect of the structural 
aspects of high temperature strength. This fault is 
remedied by the works of Bagaryatski and Tyapkin* 
and Livshitz et al which do a very creditable job 
of observing the structural changes in high-temper- 
ature alloys on aging 

The work of Kornilov covers a wide range of sys- 
tems and permits qualitative correlation and de- 
scription of strength. The approach is comparable to 
that of Hume-Rothery on alloving and compounds 
It is not at a stage yet where reliable calculation o1 
prediction in unknown systems is possible. It suffers 
as all such theories do when no attention is paid to 
the microstructural effects 

Note: Kornilov’s use of a centrifugal testing meth- 
od does not permit direct quantitative comparison 
with standard creep tests. This is a serious handi- 
cap in evaluating his results 

An example of high quality research work is that 
of Savitskiv” on the brittleness of Cr. This research 
compares favorably to that of Wain in Australia, 
Sully in England, and Smith and Seybolt in the US 
The conclusion that very high purity chromium is 
required for ductility is reasonable 


Summary 

The main conclusions to be gained by this study 
is that, while the Soviet metallurgists may have 
produced a great mass of data and correlations, they 
are no nearer a satisfactory understanding of high- 
temperature strength and alloying. The results show 
some capable work, but nothing new or creative 

‘ 


In many areas the work is only at the stage where 


Western workers were five to ten vears ago. The 
Soviets do have the advantage of the existing litera- 
ture on which to build 

Unless their approach to the problem is directed 
more toward a better understanding of mechanisms 
and the effects of structure, we can expect no crea- 
tive contributions in this area; they have the neces- 
sary manpower to produce much more information 
than Western metallurgists can. None of the discus- 
tion presented deals with alloy development o1 


} 
duction, which may, 1n some cases, be the sticKy 


part of the problem. It would be interesting to know 
he problems the Soviets encounter in translating 


laboratory results to industrial production 


nstitute of Metal Physics, Ural Branch, Soviet Academy of 


science, sverdiovsk 
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ROLL-COMPACTING PRODUCES 


NICKEL STRIP 


compact. This study of processing variables and 


URE 


Nickel strip with excellent mechanical properties has been prepared by 
roll-compacting pure nickel powders, sintering, and re-rolling the sintered 


heir effect on properties 


indicates good possibilities for adoption of this technique on a commercial 


basis 


by J. A. Lund 


possibility of producing metal strip by the 
ontinuous compacting of powders has been the 


ct of considerable interest and of patents dat- 
However, the first reported ex- 


rolling of metal pow- 


ing back to 1902 
perimental work on the direct 1 
lers into continuous dense strip was that of Naeser 
and Zirm in 1950.’ These workers rolled atomized 
ron powders between two cold rolls set in the same 
1 plane. The resulting porous but coherent 


strip was sintered and rerolled cold to develop full 


density. A final product was obtained which had 


mechanical properties at least as good as those re- 
ported for strip of the same composition which had 


rolled from 


been ingot 

Frannsen’ has described the commercial applica- 
tion of Naeser and Zirm’'s method to the production 
n Germany of copper and copper alloy strip from 
powders. Storchheim, Nylin, and Sprissler,” using 


‘ 


18-8 stainless steel powders, and Evans and Smith 


ising electrolytic copper powders, have also pre- 
pared strip experimentally by this method, and 
have obtained excellent mechanical properties by 
suitable control of the roll-compacting, sintering, 


and re-rolling variables 


The present work 

In the work described in the present paper, 
Naeser and Zirm’s method has been applied to the 
direct rolling of strip from pure nickel powders 
produced by the Sherritt Gordon hydrogen-pre- 
cipitation process. The obvious advantages of being 
able to produce pure nickel or nickel-base alloy 
strip by this process are that the impurities intro- 
duced in melting and casting operations can be 
avoided, and a high degree of uniformity of com- 
position and physical properties should be obtain- 
able. Furthermore, nickel, and the metals commonly 
alloyed with nickel, are now available in suitable 
powder form at prices which may make this method 
of producing nickel and alloy strip attractive eco- 
nomically 


Roll-compacting 
Three grades of pure nickel powder having dif- 
ferent particle size distribution were employed in 


J. A. LUND is Assistant Professor of Metallurgy, University of 
British Columbia, Vancouver, Canada 


the present work; their chemical and screen anal- 
yses, apparent density, and microhardness are listed 
in Table I. The powders, the product of hydrogen 


nickel sulfate solu- 


precipitation from 
tions, have the ‘yoidal shape shown 
Hardness of the particles as-received was 


1e pow- 


but no attempt was made to anneal tt 
l 


ders prior to roll-compacting, nor was a lubricant 


agent added to the powders at any stage 
The rolling mill used for initial powder compact- 
ing of the green strip was a Stanat Model TAH-400 
powder metal mill equipped with two laterally- 

i l cold rolls. Rolling speeds 
of 10 and 30 rpm, and roll gaps of 004 in., zero, 
and +.005 in. were studied. The negative roll gar 
was obtained by tightening the rolls beyond the 
point of initial contact (zero gap), and taking up 
004 in. of the elastic movement in the assembly. A 
in sliding contact with the upper sur- 
faces of the rolls, was used to feed powder to the 


? 
gap and to control the width of the strip to 3 in 


Densities 
Density determinations were made 
which had been sintered for 5 min at 2250°F. The 


brief sintering operation was found to be necessary 


on stry 


to permit the brittle green strip to be cut into rec- 
tangular Values 


quoted in this report as green density are therefore 


specimens with regular edges 
slightly higher than true as-compacted values 

Average density of the green strip varied with 
roll gap, rolling speed, and grade of powder, as 
shown in Fig. 2. High density was favored by small 
roll gaps and fine powder le sizes. Higher 
rolling speeds gave lower density strips from F-100 
and M-100 powders at all roll gaps, the results be- 
ing greater with the finer of the two grades of pow- 
der. The effect of rolling speed with C-50 powder 
was variable 

Over the range of the variables investigated, the 
green strip densities obtained were between 77 and 
87 pct of the reported theoretical density of pure 
nickel. 

Density variations across the width and along 
the length of the strip ranged within +3 pct of the 
average value. These variations could not be re- 
lated to roll gap or speed, but they were less severe 
in strip prepared from F-100 powder than in mate- 


partic 
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Fig. 1 (left) F-100 
nickel powder as 
received, 450X. 
Fig. 3 (right) Green 
strip, roll-com- 
pacted ot 10 rpm 
from F-100 pow- 
der with 0.004 
in. roll gap, 600X; 
rolling direction 
horizontal and roll- 
ing plane perpen- 
dicular to plane of 
poper. 


wn! 


and M-100 powders. The dis- void space between the larger inti 


ibution of the density variations followed no con- All green strip produced was coherent throughout 
ter trena ts length and showed n cracking Mechanical 
strength and stiffness were greatest in strip of high 
Roll pressure density, but flexibility (or the ability to stand up to 
The compacting pressure of the rolls for a given an operation such as coiling) was greatest in the 
gay peed, and powder grade was estimated by lower density strip 
comparing the density of the green strip with the ge ° ° : 
lensity of thin compacts pressed etatiealle at known Densification of sintered green strip 
pressures from the same powders. A 100-ton capac- Samples taken from all green strip produced in 
ty pre ind a floating die set were used to com- the experiments just described were sintered for 15 
pact specimens from each type of powder, using a min at 2250°F. Each was then cold re-rolled and an- 
wide inge of pressures. Roll-compacting pressures nealed four times, using single passes and an an- 
were found to vary from 80,000 psi for C-50 powder: nealing treatment of 25 min at 1600°F after each 
vith 005 in. roll gap, to 150,000 psi for F-100 pass 
powder with 004 in. roll gap and 10 rpm. Fig. 3 All sintering, annealing. and cooling operations 
hows the microstructure of green strip which was were carried out in a 15 kw molybdenum-wound 
lled under the latter conditions. Apparently, very Drever muffle furnace, with an atmosphere of dis- 
ttle plastic deformation of the powder particles sociated ammonia 
occurred during compacting. Some fragmentation of Cold re-rolling was performed on a Stanat Model J 
particle iy have occurred at the higher pressures TA-215 combination mill, equipped with plain *4 
the broken fragments serving to fill much of the n. diam work rolls and 4-in. diam back-up rolls 
Only the lowest of four available speeds (35 linea 
‘ a EE  __ ft per min at the work rolls) was used in the pres- 


» roll gap used for each pass was kept constant 


let 015 in gal 
i a 
So 2nd pass, 010 in. gay 

Oo 3rd pass 005 in gary 


4th pass, Zero gay 


The reduction in thickness received by each strip 
4 
ms 1° was thus dependent on the prior thickness and den- 


sity of the strip, and had to be determined at each 


pass for all strips 


=> 
2 
w 
Table II contains the results of density measure- 
Sa, O -462 > ments on sintered strip at each stage of the densifi- 
N 73 So Y > cation program. The wide scatter of results after the 
a 5 5. 2 first cold-re-rolling has been partly attributed to 
> 
> 
724 
9 \c « Table |. Properties of Nickel Powders Used 
Wie. {80 
x Typical Properties M-100 F-100 
ty 
> Ss Ar ct 80 0 es 1 


OF 


* 


-4 -2 2 4 5 
COMPACTING ROLL GAP mm .OO/” 


ox. apparent density. g per cu cn 4.2 9 3 


Fig. 2—Variation of green strip density with compacting roll All lots by Sherritt Gordor 
Z nes t or askatchewar anada 
gap, roll speed, and grade of nickel powder. 5 - : 
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Fig. 6 (left) F-100 strip, compacted and sintered at 1900°F for 30 min, 600X. Fig. 7 (center) F-100 strip, com- 


pacted and sintered at 2250°F for 15 min, 600X. Fig. 8 (right) Fully densified and annealed F-100 strip (99.5 


pct of theoretical density), 800X. 


LF 
20 J3O 40 50 60 7O 


TOTAL % REDUCTION IN THICANESS 


Fig. 4—Eftect of cold re-rolling and annealing on tensile strength 
and elongation of sintered strip from F-100 nickel powder. Ordinate 
shows ultimate tensile strength in 1000 psi and pct elongation 


strip, which them- 
selves originated from different roll-compacting 


conditions. Thus, material which had the lowest 


density differences in the green 


density after roll-compacting and sintering still 
had the lowest density after the first cold reduction 
After the fourth pass, a large scatter in density 
values was again obtained. Also, whereas anneal- 
ng after the second and third reductions produced a 

znificant increase in density over the as-rolled 
value, the reverse was invariably the case after the 
fourth cold reduction 


Tensile properties 

Tensile strength and elongation measurements 
were made on a Hounsfield Tensometer, u 
ASTM standard tensile test specimens for shee 
The results for strip at the second, third, and four 
stages of the densification cycle are plotted in Fig. 4 

Maximum attained by strip from 
M-100 and F-100 powders compare favorably with 
reported in the ASM Metals Handbook for 
cast, wrought, and annealed pure nickel 

The decrease of density which followed the fourth 


properties 


those 


cold reduction and annealing was not reflected in a 
loss of mechanical properties. Both ultimate strength 
and elongation rose significantly between the third 
and fourth stages of the densification cycle 

Fig. 5 shows the effect of further cold rolling 
on the tensile strength and pct elongation of densi- 
fied and annealed strip. The strip was prepared 
originally from F-100 powder, compacted with zero 
roll gap and 10 rpm roll speed, sintered 15 min at 
2250°F, and reduced 50 pct in thickness by cold re- 
rolling in two passes, with intermediate and final 
annealing treatments of 25 min at 1600°F 


YLTIMATE TENSILE STRENGTH 1m /000 ps: 


» 
60 
& 
1 
| % ELONGATION 
x 
" 2 3 4 5 60 70 


% REDUCTION IN THICKNESS OF STRIP 


Fig. 5—Eftect of cold rolling on tensile strength and elongation of 
densified strip. F-100 strip, sintered 15 min at 2250°F, cold rolled 
50 pct, annealed 25 min at 1600°F, then re-rolled by amounts 
indicated 


A separate experiment was conducted to deter- 
mine whether or not lower temperatures than 
2250°F were practical for sintering green strip to 


provide suitable material for cold-re-rolling 


Green strip was compacted from F-100 powder 
using zero roll gap and 10 rpm roll speed. The fol- 
lowing sintering temperatures and times were used: 


ri 
2250°F for 15 min; 2000°F for 15, 30, and 60 min: 
and 1900°F for 15, 30, 60, and 120 min. All sintered 
strip was reduced 30 pct in thickness by cold rolling, 
and then annealed for 25 min at 1600°F. The results 
of tensile strength and elongation determinations 
on the finished strip thus produced are collected in 
Table III 

The results of this experiment may be sum- 
marized as follows 

(a) Sintering for 15 min at temperatures of 
1900° and 2000°F gave properties after cold-rolling 
almost comparable to those of strip sintered for the 
same time at 2250°F; 

(b) A tensile strength of 46,000 to 48,000 psi 
could be developed with only 30 pct reduction of 
strip sintered for 30 min or more at 1900° and 
2000°F. Longer sintering times at these tempera- 
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an appreciable improvement single cold rolling and annealing operation. This 


properties after cold rolling and annealing: suggests that not more than two reductions of 20 to 
(c) Per cent elongation of strip which was cold 30 pet each would be required to obtain optimum 
worked 30 pet after sintering for 30 min or more at properties in strip produced by this process 
1900" and 2000°F was superior to that of strip It is likely that hydrogen was absorbed by strip 
which had been similarly worked after sintering for from the furnace atmosphere during annealing 
15 min at 2250°F treatments. This may have resulted in the formation 
The as-sintered microstructures of strip sintered of fine microporosity when entrapped hydrogen was 
it 1900°F for 30 min, and at 2250°F for 15 min ars precipitated from solution in rapidly cooled strip, 
reproduced in Fig. 6 and 7. Two processes appear to especially in the case of denser material from which 
be involved in the sintering operation: densification the escape of hydrogen to the surface would re- 
jue t ealing of the voids between powder par- quire longer times at elevated temperatures Such 
ticles, and grain growth. Both processes are favored microporosity could account for the variations of 
by higher temperatures and times, but large grain strip density which were observed in the last stages 
e has a deleterious effect on properties when the of the densification cycle Mechanical properties of 
esidual porosity after sintering is chiefly concen- the strip, on the other hand, would likely be less 
trated’ at the grain boundaries Comparing the affected by spherical gas porosity than by the 
tructures shown in Fig. 7 and 8, there is a more stress-raising interparticle porosity which existed 
ontinuous path of porosity along the boundaries prior to the last cold reduction 


Conclusions 


The results of this work indicate that 


tion of pure nickel strip by the continuous roll-com- 


nickel pow: 


itions, is practicable, and that the mech: 
Discussion 
erties of strip produced by this process 


The green density of roll-compacted nickel striy comparable to those of cast and wrought nickel i 


same temper condition 


G. Naeser 


and densifying by a given amount of cold re-rolling References 
This indicates that particle size, roll gap, and roll nd F. Zit - Eisen. 195 70. No. 22 


peed are relatively unimportant compacting vari- Pp. 995 

ible n terms of the quality of the final product S. Storchelt “3. 'Nylin, and B. Sprissler: US’ Ato Ene 
However, the physical characteristics of the green > Evan 

strip would be important in a commercial applica- The I th: 
tion of this process, since the strip would have to T ah Meet: Met vd r Ass0 April M 
be coiled or otherwis« dled Qualitatively, the kiw. W. C. Lil od W. Hund J 


highest density green strip was the strongest, but 


least flexible within the 
gated. It is felt that optimum handling character- 
ti would be exhibited by 


range investi- 


Table Ii. Density of Strip at Various Stages of Densification 


green strip of inter- 


mediate density, such as was obtained in the present 


C-50 M- 10 F-100 
work using F-100 powder with a roll gap of +.005 Strip Strip Strip 
in., or M-100 powder with zero roll gap een Thickrs t ) 6-11 2-17 
Poorly compacted edges and density variations Density, As-Rolied, g per cu . fo 
De Annealed. g per 24 7.88 8 .0€ 2 
encountered in green strip would be undesirable if Se i Cold Reduct 
Re s, pet 21 2 6 
the process were to be applied on a commercial De 793+.07 82 5 07 
basis. Poor edges are the result of the lateral flow De —— , 
f 1] | } 7 5 
of powder in the roll gap, and it is known that in Reduct s, pet 39-46 42-4 48 
practice, strip with firm edges can be obtained by = BE 6 867+.05 8.68+.1 
modifying the roll design and feeding arrange- Fourth ¢ aa 65 64-71 
Reduct ss, pct 60-64 61 > 
ments. Density variations along the length and Density 8.64+.19 B 8.82=.14 
} 7 ensit 8 63- 2 69> _1¢ 
across the width of the green strip could be over- » 


come by insuring a uniformly-distributed and con- 
stant flow of powder to the roll gap. Vibration of Table Ill. Effect of Sintering Temperatures and Time 
the hopper, or of the powder in the roll gap, would on Compacted F-100 Powder 

also promote uniform strip density by reducing the 


tendency of powder particles to bridge in the gap Properties After Cold-Work 
and Anneal 


Sintering temperatures and times were not in- 


Pet Elon- 
vestigated extensively in this work. However, the Sintering Sintering gation 


T »* . Mi UTS, Psi ‘in 2 In.) 
results contained in Table III indicate that fairly Temp. °F Time, Min s 


rapid sintering does occur in roll-compacted nickel 


2250 15 $4.300-36 900 
strip at temperatures as low as 1900°F, and that 2000 15 29.000-36.900 
there ic nti , 2000 30 43,000-46,700 
there is an opt mum sintering time beyond which aoe = 44'800.47 100 
little improvement of the strip properties is experi- 1900 15 28,000-38,800 

1900 20 40,000-48,200 
enced on subsequent cold-working 1900 60 43.800-47.800 


In the densification cycle used for the bulk of the 1900 120 a aetataiiaed 
present work, four cold reductions and annealing 
treatments were employed. The results of Table ITI, 
however, are for material which was densified in a 
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Fig. 8 shows the typical microstructure of roll- aoedl ctr 
compacted strip after sintering and densifving t ee 
elop high tensile strength and elongation 
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VACUUM SPECTROSCOPY GIVES 
RAPID STEEL ANALYSIS 


By sparking samples in an inert atmosphere and analyzing spectra in a 
vacuum, it is possible to analyze iron and steel for C, P, and S, in addition 


to those elements determined in older units. Application of basic spectro- 


scopy principles are reviewed, and the Quantovac, a vacuum spectrograph 


by Charles L. Winchester 


PTICAL emission spectroscopy provides one of 
the most rapid, accurate, and precise methods 
of element 


neer or scientist. Although wet 
i 


al analysis available to the modern engi- 


chemical analvsis 


till the mainstay of many laboratories, modern 

emphasis on fast and accurate results, involving a 

minimum of effort, has dictated the present trend 


toward the use of spectrochemical procedures 


Spectroscopy fundamentals 


The science of optical emission spectroscopy is 
based on the physical concept that an element emits 
light of characteristic wave length when volatilized 
by means of a flame or electrical discharge. This 
photon radiation generally originates in energy, 


changes of the valence electrons of the atoms in the 


sample. Only those elements with low excitation 
energy requirements (alkalis, alkaline earths) can 
be excited in a flame, while electrical discharges at 
a reduced pressure are needed to excite elements 
with high excitation energies (rare gases and halo- 
The majority of the elements can be excited 


by are or spark discharges in air, and these dis- 


gens) 


charges are used for routine, high-speed analysis 
This is facilitated by the fact that the intensity of 
the emitted light is often directly proportional to 
the amount of the element present 

Three basic components are required for a spec- 
trochemical analysis: 1) a means of volatilizing the 
sample, 2) a system of optics for dispersing the 
different wave lengths of light produced, and 3) a 
means of determining the intensity of the light 
produced by each element of interest. A spectro- 
graph records each wave length on a photosensitive 
film or plate, the intensity of the radiation being 
subsequently determined with a densitometer 

Although more than 70 elements can be analyzed 
on conventional direct-reading equipment, some 
important elements cannot be included because their 
characteristic wave lengths are so short as to be 
absorbed by oxygen in the air. This phenomenon 
occurs at wave lengths shorter than 1900A,. in the 
far ultraviolet spectrum. This region is of particular 


CHARLES L. WINCHESTER is with Applied Research Laboro- 
tories, Inc., Glendale, Calif 


which gives rapid analysis for all important elements, is described 


Fig. 1—The Quantovac spectrometer with the ARL Multisource 
unit and the recording console 


importance to the iron and steel industry, since 
sensitive arc lines of carbon, phosphorus, sulfur, and 
ement 


In order to detect these 


other important e s are found here 


elements, air must be 
the optical path of the instrument 


This can be accomplished either by using a vacuum 


eliminated from 


( by displacement of air with another gas of 
greater transparency. A combination of these two 


practices can also be used, provided windows of 
high transparency are available. Fortunately, sev- 
eral window materials suitable for the range above 
1600A are available; lithium fluoride, calcium fluo- 
ride, and quartz of 2-mm thickness permit transmis- 
sion of greater than 90 pct of all radiation in this 
spectral range 

In addition to the requisite of a transparent opti- 
cal path, two other problems exist in the design of 
a practical instrument for far ultraviolet spectro- 
analysis: 1) there must be rapid means of introduc- 
ing samples to the instrument, and 2) excitation 
conditions close to optimum must be provided, if the 
inherent sensitivity of the spectrochemical method 
is to be utilized. The first problem is solved by using 
a small enclosed arc-spark stand, wherein the air 
introduced by the loading of the sample, is displaced 
by simple flow of a transparent gas at atmospheric 
pressure. Commercially pure argon is quite satis- 
factory for this purpose in the analysis of carbon 
and low-alloy steels 
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Thus, a satisfactory system can be designed by 
Spectrum Lines Handled by the Quantovac using argon in the arc-spark stand, lithium fluoride 


table for Steel An 
Suitable for Steel Analysis or calcium fluoride window between the stand and 
the spectrometer, vacuum in the main body of the 


spectrometer, and finally, quartz as the windows 
for the multiplier phototubes 


The Quantovac 


An instrument called the Quantovac has been 
designed and manufactured in accordance with these 
principles by Applied Research Laboratories, Inc., 
Glendale, Calif. Fig. 1 shows the Quantovac spec- 


Table I!. Concentration Ranges Analyzed by Quantovac trometer with the ARL Multisource unit located 


> 


beneath it and the recording console as a separate 


Concentration component. The Multisource provides versatile ex- 
Range, Pet 
citation which is effective in most analytical situa- 


tions. A mechanical vacuum pump is located in the 


¥ lower left portion of the spectrometer section. The 
instrument is ready for analysis when the pressure 
has been reduced to the relatively poor vacuum of 
15 microns 
Samples for analysis may be cast 
Homogeneity and proper deoxidation are 
to avoid porosity, with its attendant 
oxygen and nitrogen I 
by the Applied Research Laboratori r carbon 
and low alloy steels, the sampl are dried and 
heated to about 70°C prior to each sparking in orde! 
; Table lil. Data on Precision to promote the apparently greater electron mobility 


achieved at higher temperatures 
Ave Coefficient Seusher of A single, low-voltage, spark-initiated 
Concentration, Pet of Variation Determinations tent . : ge has been shown to provide 
routine control on production samp 
carbon and low alloy steels. Ignit 
gap is provided by means of a higt 
and rotary gap switch operated once 
the input power 
A diffraction grating is mounted inside of the 
evacuated spectrometer for dispersion of the inci- 
dent light beam into its wave length components 
Extensive studies have indicated optimum perf 
ance from rating of 24,400 lines per in 
curvature. Since spect! lines ¢ 
terest are centered in the 1700A to 
grating is blazed to favor this regio Considerati 


of the fields of greatest application has resulted in 


the production of an instrument possessing a range 
1800A with a reciprocal linear dispersion of 6.97A 
mm in the first order. By allowing the grating 
Table IV. Data on Accuracy be positioned at different points along the axis 


the tube, and to be deflected at its normal 
Percentage Percentage is at various positions at the receiver end of the 
spectrometer, any range of 1800 between 1100A and 
from from may be utilized for specific application. In 
analyzing steel and cast iron, for example, this 
allows a very important range from 1700A to 3500A 
to be covered in a single instrument 
In order to control spectrum drift which 
result from temperature gradients within the 
path, the spectrometer is encased in polyurethane 
insulation. This l-in. thick plastic foam holds the 
temperature within the spectrometer nearly con- 
stant so that spectrum drift is reduced to negligible 
proportions 
Light dispersed by the grating is focused on sec- 
ondary slits mounted in the slit frame on the Row- 
land circle. Beams of monochromatic light of wave 
lengths characteristic of the elements of interest 
pass through the slits and impinge upon secondary 
mirrors mounted in the receiver head, Fig. 2. From 
here, the beams are directed onto sealed quartz 
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1775A P 2714 
S 2775 fo 
1890A As 2933 n 
2316A N 3110 
2677A Cr 3242 
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SULTIPLIER 
PROTOTUBES 


RECEIVER HEAD 


vindows which terminate the vacuum path. The 
quartz windows allow radiation with wave | 
longer than 2100A to pass through air to IP 2% 
tipher phototubes, while wave lengths shorter thar 
2100A enter directly into 13-stage EMI multipliers 
As many as 23 phototubes can be accommodated in 


the receive! 


head, thus permitting simultaneous 


analysis of a maximum of 23 elements 
Each phototube is connected to an integrating 
capacitor, which is cnerene to a de voltage propor- 


tional to the intensity of the photon radiation enter- 
ing the phototube. All 


taneously At the end of the integration time (con- 


trolled by the intensity of the internal 


mri} 


ors are charged simul 


standard 


line) the phototubes are disconnected, and the elec- 
trometer amplifier is con ted to the integrators 
one at a tir When a cnarne integrator is con- 


nected to the amplifier, the associated zero and 
sensitivity controls are also connected into the cir- 
cuit Thus. the voltages on the simultaneously- 
charged integrators are read sequentially at the 


rate of one every 2 sec, the results being traced on 


special chart paper by a recorder. A digital volt- 


meter and electric typewriter combination form an 
alternate readout system. In this way, an entire 


analysis is provided by the Quantovac in less than 


2 min 


Application, accuracy, and precision 

Fig. 3 is a diagram of a typical array of ele- 
ments which may be analyzed in steel and cast 
iron. Listed in Table I are a number of the more 
frequently used spectrum lines that can be included 
in the Quantovac 

In general, broad concentration ranges of elements 
in various steel allovs can be analyzed by the 
Quantovac. Table II lists concentration ranges of 
several important elements in carbon and low alloy 
steels which have been determined by this method 

Standard samples are used for the preparation of 
the cy “ope curve for each element being an- 
alyzed. For example, in the analysis of low alloy 


steels, eight pone standards are available from 
the National Bureau of Standards. They can be 
applied directly to spectrochemical analysis of ladle 
and heat test 


samples of low alloy steels. They 


EMI 6256 
MULTIPLIER 
PHOTOTUBES 


4 


42 Mn 2933.08 


i. 


E 


RCA-IP28 - 
MULTIPLIER 
PHOTOTUBES 


Fig. 2. (left) Inside of the Quantovac. 


Fig. 3 (above) A typical array of elements 
which may be analyzed in steel and cast 
iron. 


re-evaluated locally to correct 
rences between samples and 


should, however, be 
for metallurgical diffe 
standards 

The reproducil 
a given lower electrode and a 
identical conditions provides a measure 
precision and ac- 
Applied Research 
group. The re- 


shed coeffi- 


determinations made with 
given sample unde: 
of precision 


Extensive investigations of both 
curacy have 
Laboratorie 


sults of 


been conducted by 
Vtl 1 methods 
tigations have establis 


cients of for the determination of nine 


elements L carbon and low alloy steels as 
given in Table III. The coefficient of variation, », 
s calculated as follows 
100 Xd 
n—1 
where C = Avg concentration, in pet, 
d Difference of determination from the 
mean, 
n Number of determinations 


In general, the coefficient of variation is less than 1 
for concentrations above 1.0 pct va concentration 
between 0.1 and 1.0 pct, the coefficient of variation 


ranges from 1.0 to 3.0, whereas for concentrations 


below 0.1 pct, coefficients of variation of 3 to 10 can 
be expected 

A comparison of chemical and spectrochemical 
determinations on a number of samples for nine ele- 
ments found in carbon and low alloy steels is given 


n Table IV 


Conclusions 


It has been demonstrated that lines of 
tivity are now available for the spectrochemical 
analysis of carbon, sulfur, and phosphorus. This 
means that for many metallurgical control programs 
the whole job of analysis can now be done by a 
single high-speed, direct-reading spectrochemical 
means. From a single ferrous sample, all important 
alloying elements can be determined automatically, 
qulahiy. and economically by a machine such as the 
Quantovac. Precision and accuracy are shown to be 
unsurpassed by other routine analytical methods 


good sensi- 
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BERYLLIUM 
Its Problems an 


Report of the Panel on Beryllium 
Summarized by Joseph R. Lane, 


Staff Metallurgist, Materials Advisory Board 


Possibilities 


Organized by the Materials Advisory Board, a unit of the National Academy of Sciences 


—National Research Council, the study on beryllium was sponsored by the US Dept 


of Defense 


The following members comprised the Panel on Beryllium (Physical Metallurgy Group 


Chairman: Albert R. Koufmann 
Nuclear Metals, Inc 


R_L. Fullman 
General Electric Research Lab 


George A. Hoffman 
The Rand Corp 


alternate for Mr. Simmons 
R. E. Pahler 


There is a great incentive 
for the saving of weight 
in airframe structures, 
and there is reason 


lieve that beryllium could 


J. M. Simmons 
US Atomic Energy Commission 


qualify as a highly desir- 
hle ef terial 
able structural material 


Nevertheless, no such use 


US Atomic Energy Commission 


F. D. Jewett 
The Martin Co 


Walter R. Lowry 
The Beryllium Corp 


Government Liaison 


R. R. Kennedy, Wright Air Development Center 
D._ H. Kleppinger, Frankford Arsenal 
R. Schmidt, Bureau of Aeronautics 


NTIL about ten years ago, beryllium metal was 
U generally considered to have practical utility 
only as a nuclear material. Even in the nuclear 
engineering field, its uses were severely limited by 
the fact that the only forms in which the metal was 
available were lumps, granules, and small castings 
of poor physical properties, and by the fact that the 
machining of the castings was difficult and costly 
By 1950, powder metallurgy techniques had dis- 
placed casting almost completely for producing the 
billets and blocks that are the starting materials 
from which finished metal shapes are fabricated 
The fine grain size of the powder metallurgy billets 
increased the ductility and malleability of the metal 
sufficiently to permit machining of beryllium into 
parts of very intricate design to the highest stand- 
ards of precision 
Pure beryllium in the forms available today does 
not have the ductility of the common light metals, 
nor does it appear likely that this desirable charac- 
teristic will be achieved in the near future. Offset- 
ting the lack of ductility, however, are beryllium’s 
outstanding physical properties of low density, high 
strength to density ratio at room and elevated tem- 
peratures, high specific heat, and its very high mod- 


738—JOURNAL OF METALS, NOVEMBER 1958 


has been made. at le 


C. W. Schwenztfeier, Jr 
The Brush Beryllium Co 


until recently. This report 

attempts to explain why 
and 

prospects for future use 


may be 


ulus of elasticity. Beryllium’s possession of these 
properties and its limited availability now in a 
number of sizes and shapes entitle pure beryllium 
metal to consideration among the other modern 
engineering materials 

Beryllium, at present and in the foreseeable fu- 
ture, is relatively costly to buy and expensive to 
In spite of the advantages that may be 
general use of beryllium in airframe 


fabricate 
claimed for 
structures, the high cost of raw material and fabri- 
cation procedures will place a practical limit on 
its use 


Availability of ore 


A group on the Beryllium Panel itemized known 
deposits of beryl and the accompanying costs of 
recovering a commercial concentrate from them. It 
was indicated that an annual production of nearly 
800 tons of contained beryllium can be expected 
from sources outside the US at a price of $3 per Ib 
of contained BeO. Production of beryl from domestic 
deposits has always been small, approximately 20 
tons contained beryllium annually. A large produc- 
tion of beryllium from known sources in the US and 
Canada can only be accomplished by milling low- 


| 


However, costs are estimated 


the 


ores 


lb with average nearer the 
group 
bounds of possibility, and 
ibute to this. However, 


developments are likely only over a long period, and 


centives would cont: 


ly if sustained efforts are made along the 


research in extraction and in the factors that govern 


the occurrence of beryllium in the earth's crust 


Ductility problem 


has been prepared 
roughout the world 
relatively 

» chief dete 

use of beryllium for structural purposes 

Composition: Beryllium of comme! 

l pet Al, 0.1 pet Fe, 0.05 pet 

to 1.0 pct O., and approximately 0.005 to 
ther mm m l Cu, Ni, 


nave indic 


contains about VU 


0.01 
h as and 
studies past 
antially 
noticeably diff 
Forms of Beryllium: Commercia 
exhibit widely different \ s for 
sion at room 
method of 


orientatior 


ot 


solubility 


above the 


low) appears 


acuum-Cas 


trusion made f1 
pct to 3 pet elongation 
20 pct contraction in 


provement may be attributed to 


compression 

refinement of grain 
texture. Vacuum-cast 
beryllium may be converted to powder and reformed 
Such 


size and development of a 


by various powde! techniques 
exhibits i pct to 2 pct 
making powder, the oxygen 
increased from about 0.2 wt pct to about 1.0 wt pct 
extruded at 1900°F, 
extrusion 


elongation As a 
content Is 


rvilium, if 


abdout 
pet elongation in the 
be 
fecal with that which is achieved in extruded 
cast beryllium 

Powdered beryllium may be formed into 
by various procedures which produce a highly de- 
veloped texture, wherein the basal planes are all 
close to the plane of the sheet. Such material, if 
processed under optimum conditions, can exhibit 30 
pet to 40 pct elongation under conditions of uniaxial 
strain in any direction in the plane of the sheet. In 
the thickness direction the ductility is low, 
and as a result, a biaxial tension strain readily 


to fracture 


sheet 


very 


leads 


Effect of impurities on brittleness 


A great many people have studied beryllium and 
tried to make pure forms of it in order to achieve 
ductility. The net result of this work was the gen- 
eral conclusion that removal of impurities would not 
make beryllium a ductile metal. 

Nonmetallic Impurities: It is conceivable that 
oxygen could lead to brittleness in beryllium as it 


lium and zirconium and a numbe! 
1t been possible to date 
soluble n 


Nu- 


ts have been made and are still being 


is measurably 

solid ber) an oxide phase 
merot 

special 
vacuum, 
beryllium 
and 


with 


produce oxygen-free beryllium by 

listillation in high 

con is 
vilium iodide, 


oride 


made 


Tle 


roceaures, ich as ¢ 


lso conceivable that nit! ‘nm and carbon 
vilium. As far as is known, this 
The 
samples of beryl- 


C did 


rittle ber 


been extensively explored 


some 


containing less than and 


0.05 wt pct N 


k in last ten years 


arastically changed the pinion eariy 


} 


investigators that removal metallic impurities will 


reasea auc 


not lead 
that iron additions 
pet progressively reduce the elongation 
Nickel additions up to the 
a reduction, while copper ap- 
in ductility. Extrapolation 
ron does not indicate tf 
would remarkably 
concerned 


rk shows definitely 


same 


have 
lis work was 
fracture 
effect, if iv, the impurities 


planes 


Possibility of health hazard 


vilium 


planes. It is not known what 


have on the basal 


planned 
full appreciati f the t tv of this 
metal and its Advisory 
Board Panel on the Toxic f Beryllium, 
Harold Hodge of the University of 


recently prepared report on this 


No applications be! 


without a 


headed 
by Professor 
has 


t, from 


Rocheste! 


+y 


abstracted 


forme! reasonable doubt 
aled have pro- 


imonitis) 


In contrast to beliefs, no 


> 
remains that 


small amounts 
(pnet 
1ulomatosis), the latte: 
a high Contact 
lium compounds can produce a dermatitis 
may be serious with respect to lost time, but which 
with suitable protective clothing 


now 
and/or a 
having 
certain beryl- 


which 


duced an acute disease 
chronic disease 


mortality rate 


‘can be combatted 
or skin creams 
Protection against beryllium poisoning is largely 
a matter of controlling the dust evolved in the op- 
( for the 
of beryllium in 
the air, 2 micrograms per cu m may tentatively be 
acceptable. This constitute a 
that no chronic illness will develop; there are cases 


metal. As a target figure 


le concentration 


erations on the 
average allowab 


does not guarantee 
in which a lag time as long as 16 vears intervened 
between exposure and symptoms 

To keep airborne beryllium at the 
level, the followin 


required low 
g principles are suggested 

1) Manual handling should be reduced to an ab- 
solute minimum 

2) Every implement which has been in contact 
with beryllium should be regarded as contaminated, 
and therefore, a potential dust source 

3) Every process step should be examined criti- 
cally to determine whether by arrangement or sub- 
stitution it can be made less dusty 

4) Essentially every process step must be provided 
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grade pegmatite does in titar 
at $5 to $ other met te 
higher fig 
nignel 
The con 
developms 
} 
ithin the fs 
within th 
vapor phase reduction of beryllium 
sodium 
It is a Be 
might e1 
studied juestion 
f then most th es 
t to the not exhibit ur tilit ar 
Metallic In ee 
purity Na 
pet of 
Ul A 
1 ‘that 
1 the 
erties 
an 
m can 
ten- 
ten 
t< 
n it 
ferred 
hese differences occur with no signif- 
cant change in impurity content otner than variation we i 
in the oxygen. This variation in oxygen 
have no effect on the results 
has the lowest oxygen 
content of any commercial form and is the most pha 
brittle, having essentially zero ductility at roon a 
tem}, ich a cast- 
I 
ing n tension Bre) 
sut which the following remarks are 
= 
; 
“a 


with some degree of ventilation. The only effective 


method of control is to contain and remove the 


at its source 


Structural considerations 
Since beryllium has been in nuc 


lications, there has not need for n 


e mechanical data usu ised by aircraf 


rs. Nevertheless, cha! teristic strength 
: tabulated below in Tabl nd Il 
Ductility: The 


red, if beryllium i 
rial for extended use in mi: 
amount of ductility 
like Ly Many of these ap} lications 
generally Weakel 
result 1 gain 
pared to competi 


bly worked o 


primary structures 
flight vehicle 
It is safe t 
expected of 


or future ire n longation constit 


u 


a valid indication ility required of be 


reasonabie amoun 


dust 


‘leat 


lany 


val- 


necessaruy 


ryl- 


become of general structural use. This per- 

ible level is as low as 1 pct in extrusion and 1.5 

pct in castings, but is no less than these amounts in 
any direction 

Tensile strength: The ratio of density to ultimate 

stress has been used to compare the weight 

tension structural components made of various 

etals. These components, designed by tension 

criteria. abound in missiles and space craft and 

of 


constitute by weilg better than one-thirc 
manned aircraft 


ultimate tensile stress will b 


e re- 
beryllium to be competitive with 


itanium, and steel, one assume a 


he future ultimate tensile of these 


s and m y it by the 


density of conventional 


ional 1eta 


material re these calculations are tab- 
ulated in Table ious temperatures 


buckling crit 


Compression: erla gov- 
} 


weight of the 


thin-walled 


it specify 
i com} sl ress should be about 4/5 


od above, to be 


ethod used 
anels at 
lowest vield c 


bervllium 


Intermediate High 
Load Intensity Load Intensity 
Temp (q/L. = 200 Psi q/L. = 600 Psi 


data of 
I present berv! lum, t can. be 
warm extruded or rolled berylli 
l of choice (stronger for equal weight) 
l 


200°F both 


rature range to 


Table |. Tensile and Compression Properties of Beryllium Produced from Powder 


Vield Strength 
Ult. Tensile 0.2 Pet 
Strength, Psi Offset, Psi 


00-40,000 


000-55,000 


5. 000-100. 006 000-90 


000-90 5. 000-55. 


Long Long 
000-56 15 000-50, 004 
Trans Trar 


000-55 .000 000-50,000 


000-90,000 000-70,000 


000-90 .000 000-70,000 


Medulus of Poisson's Elenga- 


Elasticity 


Compression Compres- 

Yield sion Mod- 

Pet Pet Strength ulus of 
Reduction 0.2 Pet Elastic- 


Psi Ratio tion in 2 In in Area Offset, Psi ity, Psi 


15. 000-40,006 


85.000 44x10" 


50.001 43x10" 
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a} 
of 
wat 
Of Quc@=n all directions (in turn, not eee To find what 
simultange lv) includi t} thick, tion i quired of future 
] é ection 1s i 
req ctural 
ma craft value for t 
Wit appli tnree convel 
‘ 
+ 
eat ra ie 
ere mance 
great 
Sulta ir annealed, beryllium may = 
exhibit substantial ductility in a tensile test. How- structure of manned aircraft 
ever, this material can fail in a brittle manner if a When comparing metals used in Em 
wide piece of sheet is bent, or stresses occur simul- structures designed by buckling criteria, one must 
taneously in two directions. The optimum preferred distinguish between the various types of construc- 
orientation responsible for the highest tensile duc- tion. For example, when considering sandwich-type 
tility in the plane of the sheet permits no significant panels for low load-intensity structures, it may 
deformation in the thickness direction. so the mate- suffice as a 
rial is unable to thin down. As a result. elor atior that the viel 
in one direction in the plane of the sheet can occu! if the ultimate tensile stress listed 77! 
only if equal contraction permitted in the per- competitive with the conventional metals 
pendicular direction in the plane f the sheet there- Th btain the relative weight ol 
fore, the 30 to 40 pct elongation measured in ten- sneet various temperatures gives 
n on what formerly had been thought to be opti- the yression stress required of 
: mum processed beryllium sheet, may have little a 
no Va in te engineerir Ise This t! mngly 
lirectional ductility may be incapable of performing 
the essential engineering function that ductility nor- 
mally performs 
Ductilitv, as measured by the plastic elongation - 00 | : 
ust prior to fracture, is the property most in need a se yo 
of improvement to permit widespre id beryllium 120 10.006 ( 
ana powe plants of a 
Compari 
e minimum elongation the prope 
; 1um alloys will suffice that hot o1 
is the mate 
over the te 
gu 
= 
Vacuum Hot I ed QMV 
15.000-45 25. $2-44x10 24 0 pet 0.5-3.5 pet 25.000-35,000 42-44x10 
Longitud I pertie 
Extruded 
12:1 Reduct Rat 
Annealed at 7 60,000- 100.000 4$1-44x10 1¢ t 
! 0.032 3-16 42-44x 10° 
Warm Extruded Be 
I gitud Propertie 
Extruded at 800°! 
5:1 Reduct Rat 
As extruded 42-44x 10" 0.030 0-1 pet 
Annealed at 1400°F 42-44x10" 2-5 pet 
Hot Rolled Berylliur 
Sheet 1650°F 
30:1 Reduction in Are Long Long 
Trans Trans 
0 40-44x 10" 0.5-2 pet 
Warm Rolled Beryliiun 
Sheet (1200-1450°F 
Longitudina 44x 10" 5-10 pet 
Transverse 44x 10" 5-10 pet 


in tension and compression. Hot pressed block 
superior to aluminum, titanium, and steel only in 
the range of about 800° to 1200 F 


Possible design compromises 


The level of I 


construction (shneet-string 


roperties required for convent 
r, for example) is well 
that present commercial 


purpose 


ional 
e 

known, and it Is recognized 
beryllium 


standard 


inadequate for the These 
1iques have evolved because ductile 
available. While the development 

and st! berylli should be 
given to the 


ret 
ideratl 


present beryl- 


bolts 
will fail readily 
read 
iowever, 


oduced 


Production of mill products 


Present commercial beryllium is now produced 
and 
powder 


roduct, 


1100°C 
pres- 
not 


about 


1400 F 


encase 
conciu- 
is removed, 


50 pct nitric 


Table II. Elevated Temperature Tensile Test 
Properties of Beryllium 


Yield Reduc- 
Strain U.T.S. Strength tion Elong Elong Mod 
Rate ix 1000 x 1000 in Area in 's In. in 2 In x le 
In./Min Psi Psi Pet Pet Pet Psi) 


Table II11. Comparison of Tensile Properties 


Tensile Stress 
Required 
of Future 
Beryllium, Psi 


Future 
Tensile Stress 
Assumed, Psi 


Conventional Density 
etal (Lb/In 


100,000 
180,000 
1 100 


70.000 


000 
1,000 
000 


Warm extrusion and warm rolling are carried out 
at temperatures below the oxidation temperature, 
and, therefore, no protective canning is required 
Although warm extruded beryllium exhibits supe- 
rior strength properties, the high extrusion pressure 
required has thus far limited the shapes produced 
nall cross-section 

iving improved 


relatively pieces of 
3are warm while 
yhysical properties and an excellent as-rolled finish, 


also 


racticed extensively because of the 


hot enough during 


rolled, has demon- 
between 900 

In this tempera- 
heared and holes can 
Successful 


tools as well as 


sheet 


operating tempera- 

ing operations, and, except 
of bending or drawing 
The scale of demand fo! 
small until recently, 
closely resembles 
beryllium at room 

at elevated 

found that fab- 

‘ratures is rela- 

the metal 

and, lesser extent, 
to occur, and special pre- 


taken to avoid 


Fabrication of aircraft components 
to 1400 F) 


rmed (1000 
necessary 


It maj 
tempera- 


ig) should 


can be accomplished 

precision. The metal 
dimensionally very stab! The only important lim- 
itations are the need for protecting the operator 


from the toxicity haza1 desire to collect 
uncontaminated chips 

Joining: The beryllium as a 
imperative that means 
itself and to 

Conven- 
ional joining techniques have been investigated ex- 
tensively, with promising results. Brazing has been 
found to be most satisfactory where it can be used 

Several properties of the metal lead to difficulty 
in welding and brazing 
vated temperatures; 2) the low 
netal; and 3) the high specific 
heat of fusion, requiring a high power 
fusion welding 

A preliminary investigation has shown that, given 
suitable pretreatment, the adhesive bonding of 
beryllium is feasible. In this study, failures occurred 
in the metal at g from 37,000 to 
52,000 psi 


projected 
structural material makes 

be devised for joining beryllium to 
t 


other metal components of an assembly 


1) ease of oxidation at ele- 

ductility of the 
heat and the high 
input for 


stresses 


Facilities 

The reduction of beryllium metal billet cost from 
the levels in excess of $100 per lb experienced dur- 
ing the late 1940’s to a low of $47 per Ib has 
been a direct result of increased demand which 
has given stimulus to the beryllium metal industry 
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# 
} 
materials we difficulty of keeping the meta] 
4 
rolling 
more ductile rolling ee 
pushed, cons Beryllium, both hot and 
possibility of a wider utilization of [XI strated sufficient isotropic du ae 
lium by adjusting to its limitations and 1100°F to permit hot forn Basi 
A simple example can be cited ture range the metal can De eae 
rade wit} rd rey unche without ifficult 
made with standard screw threads be punched without difficult pe 
na brittle fashior By changing the metal fabrication requires tha ia) 
eliminate a sharp notch at the root the metal be maintained or 
factory beryllium bolts have been pri ture througnout the for! es 
for hole punching, the — 
fabdricatea parts Nas |! 
‘ therefore, commercial f 
laboratory procedure 
The brittleness exhit Bir 
urgy Dillets, the beryllium smelter vacuum 
: > temperatures. In spite 
cast ingot, is first converted to chips by machining 1) 
rication of beryllium a 
ime chips are ground to powder finer than mesn, 
and the powder is then pressed at about 1) P ys te 
during rolling or forgu 
and in a vacuum of about 50 microns absolut 
sure into what Is known In the trade as vacu 
cautions must be it 
pressed beryllium block. Large or intricate shapes ye 
are manutacturead m the DIOCK DV standard ma- 
nining procedures S=ucn isualiv serves as 
the starting material for extruded rod and bar and Bit, 
hot-rolled beryllium plate and sheet Into typical « a ae 
At temperatures over pure bery!- Use Neatea Mainte 
lium oxidizes fairly rapidly, and, therefore, all hot ture. Cold forming (and cold straighten Recs. 
working operations, such as extrusion and hot roll- 
ing, require that the starting billet be protected eS 
from the air during hot working operations. The bes 
standard method for accomplishing this Sea 
] ry la ] 
the metal in a mild steel container. At be 
sion of hot working, the steel containe1 ae 
king, the steel ¢ ilne 
most conveniently by dissolving it in 
acia 
Test 
Temp 
t In ay. 
22.4 19.4 7.2 12.7 4.1 7.1 
20 005 12.5 12 2 5.5 16 16 Bet; 
( 005 7.7 7.7 1.5 91 1.9 17.9 i a 
1501 005 25 13.2 2 5.8 
1654 005 1 1 79 20.4 95 35 
4 
Temp 
oF ) 
70 Aluminun 0.1 
+00 Titaniun 0.17 70,000 
+ itaniu 7 
800 Titaniun 0.17 52.000 
1 60,000 
1200 Steel 0.320 23,000 
12 27,500 


billets 
vately-owned companies repre- 
from the previous gov- 


The recent contracts for beryllium metal 
placed with two pri 


sent a signil nt change 


Cal 
ernment-owned, one-source beryllium me tal facility 
This change has stimulated constructive technical 
and producti 


aircraft manutacturers 


research and great interest among 


Suggestion for research 


The following are offered as topics to be consid- 
ered in a research effort which has the objective of 
using beryllium 1n arrcralt and missile airframes 
The order of listing is not intended to reflect any 


implied priorities 


l One of the more intriguing research prospects 
concerns a possible phase change in pure beryllium 
Such a transformation (to an undetermined struc- 
been 
below the melting point. If this finding 
s confirmed, there would be strong interest 
is ductile, and whether 


ture) has reported, at a temperature only 
adoutl 15 
in learn- 
ing whether beta beryllium 


shase could be retained to room temperature 


9 The solid solubility limits for oxygen, hydro- 


gen, and nitrogen have apparently never been deter- 


mined. The importance of this Is In connection with 
Impairment of ductility, if 


purification attempts 
any, is probably due to the gases in solid solution; 
gas content above this level is of secondary impor- 
tance. The solubility level of gases in beryllium ts 


apparently quite low; therefore, any program on 


purification should be accompanied by a refinement, 
or at least an assessment, of analytical techniques 

3 The 
will be ductile should be resolved. It might be very 


expensive to obtain a few grams of pure metal, but, 


question of whether oxygen-free metal 


this bervllium is truly ductile, attempts to deoxi- 


f 
dize commercially can be started. The possibility 


that other gases are important to mechanical be- 
havior should not be ignored 

4. Since the ductility of beryllium is not great, 
the degree to which this is impaired by notches and 
imperfections should be studied Such an 


slow 


surface 
investigation should include not only 
stressing and 


tensile 
elongation, but also complex rapid 
(impact) loading 

5. Accurate determinations of the solubility 
levels of zinc, cadmium, and lithium in beryllium 
would be of value, since these elements are olf 
potential interest for alloying 

6. While 
there are applications for beryllium with its present 
ductility but with higher strength. Work has been 
reported in which copper additions have raised the 
strength without impairing ductility This could well 


improved ductility is strongly desired, 


be followed up, using other alloying elements 

7. As is true with all metals, desirable mechani- 
cal properties of beryllium are associated with a 
Commercial beryllium is now a —200 
product, this particle size 


fine grain size 
mesh sintered powder! 
being a compromise, because below this size the 
oxide content associated with the particle surface 
becomes excessive. If a finer grain size can be ob- 
tained, without at the same time adding objection- 
able amounts of oxygen, it would be expected that 
improved mechanical properties would result 

8. Such progress as has been obtained in improv- 
ing the ductility of beryllium is a result of working 
the metal so as to cause a crystallographic align- 
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Further improvement would be aided by a 
such as the 
the manne! 


ment 
more detailed knowledge of matters, 
critical resolved shear stress for slip and 
in which fracture propagates. The ductility at ele- 
vated temperatures is quite satisfactory, but the 
variation of the mechanisms of slip and fracture as 
temperature is raised is not well understood. Sev- 
eral sets of slip planes must be active to permit grain 
rotation (without voids) in the production of tex- 
tures. With better knowledge of the plastic proper- 
ties of beryllium, it might be possible to predict and 
produce the optimum textures 


9. The u 


f a ductile-brittle transition 


presence Ol 
temperature for beryllium has not k 
or disproved. Although usually i 
body-centered cubic metals (beryllium is hexag- 
y with 


shed 


t been estab] 
with 


associatec 
onal). the considerable increase in ductility 
possibility that 


beryllium 


increased temperatures raises the 
there is a transition temperature fo! 


10 The 


processed in a fashion to maintain 


possibility that beryllium could be 
random crystal 
orientations and also contain a small amount of 
well-dispersed porosity, or of a dispersed, weak, and 
isotropic second phase should be looked into. It has 
been found that dense Al,O, Is brittle, but a similai 
cent porosity has 


specimen containing several pe 
appreciable ductility at the same high temperatures 


Application research 

1. Develop analytical techniques fol impurities, 
especially for gases 

2. Develop beryllium-base alloys aiming fo! 
substantial ductility 

3 Determine practical maximum s1zeé and mini- 
mum gage sheets, and practical limitations of joints 

4. Develop extrusion and sheet-forming tech- 
niques to get improved ductility and to reduce cost 
Other fabricating processes should also be investl- 
gated with the same objective Previous develop- 
ment has varied working and annealing schedules, 
with the preferred orientations obtained and the 
ductility values measured in a tensile test as the 


terion. Similar experimentation should be carried 


cl 
out, using as the guiding mechanical test the bend 
ductility of a wide sheet. Thus, a new optimum proc~ 
essing may be found that provides sufficiently high 
ductility in the least ductile direction to permit re- 
lief of high local complex stresses without fracture 

5. Develop methods for making and keeping 
beryllium very fine grained after casting, extruding, 
rolling, etc 

6. Improve methods so as to reduce scrap 
and permit the economical re-utilization of scrap 

7. Among the additional property data required 
are strength and impact values at very low tem- 
A continuation of the collection ol high 
Data corresponding to 


loss 


peratures 
temperature data is In orde! 
notched specimens covering all the usual properties 
are needed. Finally, all these data should be ob- 
tained on several of the more important grades of 
metal. such as flat-rolled sheet, cross-rolled sheet, 
and extrusions 

8. Work should be supported on the development 
of composite materials containing a substantial frac- 
tion of beryllium. It might be possible to utilize 
some of the peculiar properties of beryllium, per- 
haps sacrificing some other desirable attributes to 
obtain a structural element adequate to withstand 
the loading conditions of a particular application. 
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THE METALLURGICAL SOCIETY TO PRESENT 


BALANCED PROGRAM AT ANNUAL MEETING 


ea prograr 
( tne is phases ts tivities 
n the science and engineering ol 

metals. The Iron ar ) 
has planne Sess ns on ore eauc- 
Diast furnaces ana spec il 
processes al the nutac iret ol 
steel both by nventional processes 
the newe basic oxvger 

Vacuur meiting it 
iOVS De a sud- 
one I ne Sessions The 
Che l of Steelmak 4 

e has angea Io! 

tation of a paper on Reduction of 
Iror Ore is we i papers on 
the kineti thermodynamics, and 


peas A 


the oper 
session on 
important 


generation 


neering 


general 
and distribution in relation to fur- 


nace operations. Of special signifi- 


AIME 
BOARD OF 
DIRECTORS 


Recent actions token by the 
Institute Board of Directors 


®& The request for establishment 
and the proposed bylaws of the 
Hudson-Mohawk Local Section were 
approved. The Section will com- 
prise the following counties in New 
York State: Albany, Broome, Che- 
nango, Columbia, Cortland, Dela- 
ware, Dutchess, Greene, Montgom- 
ery, Otsego, Rensseleer, Saratoga, 
Schenectady, Schoharie, Sullivan, 
Tioga, and Ulster 

It will also comprise the members 
of The Metallurgical Society of 
AIME in Berkshire County in Mas- 
sachusetts if such are released by 
the Boston section 


and Steel sessions 


Will De I based on the 
ope ing data of the basic oxygen 
stet aking process at the Aliquippa 


works of Jones & Laughlin Steel 
Corp to be prese nted by D R 
Loughrey. This will be followed by a 
paper by H: B. Emerick on Roll of 
High-Purity Oxygen in Metallurgical 
Processes 

The Extractive Metallurgy Division 
will conduct a total of 14 sessions, 


three of them to be held jointly with 


the Iron and Steel Division. These 
particular sessions will cover the 
kinetics of liquid metal reactions, 


Continued on page 744 


Electric Furnace 
Conference Plans 


The Electric Furnace Conference, 
scheduled to be held at the Statler 
Hotel in Detroit, December 3-5, will 
feature additional technical sessions 
this year on the Manufacture o 
Ferro Alloys, The Manufacture of 
Calcium Carbide, and Other Prod- 
ucts, and on Electrode Holders. Usual 
on production of electric 
furnace steel for ingots and for cast- 
ings will also be held. Details of the 
program are given on page 747 of 
this issue 

The Fellowship Dinner is sched- 
uled for Thursday evening, Decem- 
ber 4, with the principal address to 
be given by M. K. Schnurr, 
dent, Stainless and Strip Division, 
Jones & Laughlin Steel Corp., De- 
troit, Mich. His talk is entitled Com- 
mercial Aspects of Stainless Steels 
in our Economy. The toastmaster on 
this occasion will be K. D. Cassidy, 
Group Director, Body Group, Ford 
Motor Co., Dearborn, Mich 

Plant trips will be run on Wed- 
nesday, December 3, to the Stain- 
less Steel Div. of Jones & Laughlin 
Steel Corp., and the Rouge Plant of 
Ford Motor Co 


sessions 


Presi- 
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Rocky Mountain 
Minerals Conference 
Scores a Hit 


Beaming at the Rocky Mountain Minerals 
Conference this past September 17-19th, are 
clockwise) A. B. Kinzel, President of AIME 
S. D. Michaelson, President of the Society 
of Mining Engineers, and W. R. Hibbard, Jr., 
President of The Metallurgical Society and 
H. C. Pyle, AIME President-Elect 


Under the sponsorship of the Utah 
AIME Section, the Rocky Mountain 
Minerals Conference was h 
the Newhouse Hotel in Sal 
City, September 17-19. Registration 
numbered over 600. Papers presented 
were of interest to mining engi- 
neers, metallurgists, and petroleum 
engineers 
Special recognition was given to 
the importance of this conference 
with scheduled meetings in Salt 
Lake City of the AIME Board of 


Directors, as well as meetings of 


(Continued on page 745 
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and Session IV—Fatigue 


Internal Stresses and 
Fatigue in Metals 
Symposium Held by GM 


The General Motors ¢ rp.'s Tech- 
sical 7 roit the F lication of phase equilibria to Nuclear Society Hosts 


Cente 
and electric furnace 
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lethods extractivi Metallurgy Convention in Detroit 


Balanced Meeting Program 


(Continued from page 743 
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; and Related The Annual Fe lowship Dinner of 
) mena The Metallurgical Society will be 
held on Tuesday evening, February 
17, at the St. Franc Hotel in San 
Francisco 
tre and fatigue in meta 
: gned to provide an opportunity for essions on the process metallurgy of American Nuclear Society will 
ul exchange nformation and coppe! lead zim and the light present 150 pape mn nuclear science 
h lea n the vital field of internal metal and techn it its ann 1 meet- 
tre and fatigue, the GE sympo- The Extractive Metallurgy Division ng scheduled fi December 8. 9. 10 
it tre eq Tundamental researc? wil conduct several half-day ses- n Detroit 
for the first time, coordinated wit! sions on plutoniun metallurgy The highlight of the program will 
ipplications of research which will be sponsored jointly with be liscu ns | eading nuclear 
i Cruest ana peakers attending the Institute of Metals Divisior scientist ana engineer n recent 
represented leading universitic n- The Institute of Metals Division is aton energy ncept ich as re- 
lependent researc} nstitutes, gov- conducting sessions organized by the actor. engineeri! ind kinetic 
: ernment laboratories, industries, and Physical Metallurgy Committee, the In addition, there will be field 
technica ocietie in the U.S U.K High Temperature Allovs Com- trig t the Enrik Ferr Atom 
s France Belgiun and Germany mittee, and by the Chemistry and Energy Plant, Michigar first gen- 
Twenty technical presentations Physic of Metal Committee. The erating ator -electri tation, a 
vere made at the symposium head- Chemistry and Physics of Metal we is to the Phoenix Project of the 
juarte! ! iding six by staff mem- Committee ha rganized two ses- Unive ty f Michigar ind. the 
De! i Motors Cort Re- n one based or observation Plvn it! Autor plant of the 
eal ries. General chair- dislocations, and the second on in- Cl er Cort 
man I. Rassweiler, G.E. Re- terface and surfaces. The principal Spe ¢ I \ i review 
search Hiiboratories speaker at the symposium on obser- the major event f the U.N. Atoms 
Eighty-two metal physicists, met- vations of dislocations will be D1 for Peace Conference, held this past 
allurgist and enginee! attended Peter Hirsch of Cambridge Univer- September 1-13 
es ! Toy ed ty, who will speak on Direct Alton P. Donne eneral man- 
f Dislocatu Mot igel f Aton Powe Deve pment 
n Metal The Institute of Meta A ciated, h ind Harvey A. Wag- 
Il jsta Division is planning to hold i ner, managt I ter 1e Ve pment 
tions. Internal gue subeniesion of research abstracts cal arrangements for the meetings 
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Among those who participated in the conference were, 


Director, W. B. Stephenson 
gersoll-Rand Co 
R. R. McNoughton 
of Canada Ltd 


Manager 
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United Nations 
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(Continued on challenge 


left to right) Roger V. Peirce, AIME 


President of Allen-Sherman-Hoff Pump Co., R. W. Lawson, In 
Assistant Convention Manager 
Metals Division 


Rocky Mountain Minerals Conference, and 
The Consolidated Mining ond Smelting Co 


ial int and 
iber of AIME 


concern 


were 


pro- 


in pebble milling, 


mercial atomic 


il shale research, 


the minerals in 


papers covered 


un engineering 


1s10n, 

Carlos Effe 

lang organization planning, 

Kaiser Aluminum & Chemical Corp.., 

Oakland, Calif.. and Jack J. Hayes 

superintendent of management i 

struction, United Air Lines, Chey- 
enne, Wy 

At Welcom 

Wednesday, 

we 


nage! 


n- 
i} 


the ing Luncheon <« 
7, opening 
Lamont 
State of 
Miles P 
of Jtah Min- 
The day Was con- 
cocktail party 
companies 


September 1 
by 


of 


remarks 


Tor 


re given 
Secretary 


speaker 


nto 


Guest was 


+h 


\ nanager tne 


Association 
uded with a cour 


and sup- 


Minerals 


noon, 


Luncheon was held 
with Howard C 
President-Elect of AIME, the 
d speaker 
Friday afternoon, registrants 
had their choice of tt tours. One 
group visited the Kennecott Resear 
Laboratory, the Bureau of Mines 
Experimental Station the Uni- 
of Utah Reactor. A 
group the equip- 
(Continued on page 746) 
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CONFERENCE 
Continued from page 743 
cientists at the Second International] 
in Geneva from Septe ber 1 t! igt Fa" \ ‘ 
13, featured more than 600 pape! em 
CLL > a i\ ana ~ 
ext ratior nig eners pl 
sotope ! iltura ences: | 
A n led in tl et are pape Bt 
the Board of Directors of The Metal- be of persor 
a phv nea theorr nu y 7 
_ irgical Society and of the Society to every me! ‘Sige 
development 
ny ‘ of Mining Engineers Opening the technical session on me 
complete t of these papers 
Of particular interest to extractiv: Wednesday morning, September 1% 
OF oT metallurgists was the paper, Effect was a movie on The Copper Net- 
‘ nd tr f Impuritie n the cork, and on Thursday, September: 
ton P95 DC El ? g of Zinc by Guy T li i movie on Columbia-Geneva tary 
Wever plant superintendent Coal Preparation Plant. Papers mmm 
Phe Anaconda Co., Great Falls also given on such subjects as _m@ oan 
Mont. Mr. Wever pointed out that a cessing nickel and cobalt ores, re- Fim 
‘ 1 
ountered in the electrolytic method progress 
of producing zinc results in varying power, progress in (7! e388 
since nm and automation in th - 
ame dustry. Additional 
subjects 
ivallable The technical sessions were con- ae 
tins about the action of impurities in the uded on Friday morning with a cr 
complete and off we zine electrolyzing process svmposium on Modern Managen ent 
ps and hic naner. Re rc} the Mis 
More than entific papers I nthe Techniques. Participating were W. B 
were submitted 1 the 1088 ennfer- is, presi- York livision industrial engineer. gt Ne 
ence as compared t the 1000 in 
1905 +h: 1, 
1955. Such broad topics as Nuclear that the eee 
Power Plant: Use of Isotopes: Basi objectives of =: are 
Physics: and the Economics of Nu- improve 
cieal Power were discussed ugh proved 
F 
Utal 
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Ror 
ir 
= 
ci 
tesy 
plier 


REPORT ON RUSSIAN STEELMAKING PROGRESS 


The Southern Ohio Section of the 
N il Ope Hearth Steel Com- 
ttee featured report on Im- 

f the Russia Steel In- 
by Michael F. Yarotsky, at 

their twenty-second Annual Confer- 


Dechler-Hilton 
te n Columbus, October 3 and 4 


conference were 175 


gistered guest 
Mr. Yarotsk superintendent of 
teel production at the South works 


if United States Steel Corp., Chica- 
lead-off speaker 
Mr. Yarotsky was one of nineteen 


teel experts who visited the Soviet 


vere visited at Chelyabinsk, Magni- 

orsk Stalinsk Sverdlovsk, Za- 
porstahl, and Tula. The latter plant 

t far from Moscow, serves as an 
experimental and development cen- 
ter a pilot plant for the steel in- 
lustry. Here new ideas are tried out 


in bl t fur? open he arths. and 


ial iu 
pneumatic methods of steel produc- 
tion, as well as continuous casting of 
teel. In explaining how the Soviet 
Ur on has iC rT pli hed the fe at of 
expanding to an estimated 59.000.000 
tons of production in 1958, Mr 
Yarotsky stressed that this has been 
carried out without regard for cost 

the need for consumer goods. He 
credited these factor ] thorough 

1 prompt dissemination of all 
available technical information from 
all over the world: 2) allotment of 
12 per cent of the budget of the 
Soviet Union to education: 3) re- 


cognition of need for excellence in 


® Rendezvous for the September 
10th meeting of the El Paso Section, 
was the Hote | Corte Z El Paso, Texas 
attended the meet- 


ing, Which was presided over by 
chairman, John E. Douglas. The 
guest speaker was Dr. Joseph R 


Smiley, president, Texas Western 
College, El] Pa Texas. He spoke to 
the section on Recent Trends in En- 
gineering Education. Plans for the 
ection’s November 12th meeting in- 
clude Edward Beck of the East 
Pittsburgh office of Westinghouse 
Electric Corp. as the featured speak - 


er. Mr. Beck will present a trav- 
elogue of his experiences in Russia 
last year during an engineering meet- 


ing with various Russian engineers 


B® September 12th marked a meeting 
of the St. Louis Section, held at the 
Hotel York in St. Louis, Mo. The 


speaker of the evening was Glenn M 
Hanson 


process development engi- 
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raw materials for the furnaces, with 
a concentration on beneficiation of 
ores; and 4) elimination of the 
bottlenecks that cause production 

The operating sessions on Friday 
morning and afternoon followed the 
schedule outlined on p. 624 of the 
September issue of JOURNAL OF 
METALS 

The first day of the 
concluded with a Fellowship Dinner: 
at which Vernon W. Jones, Chairman 
of the National Open Hearth Steel 


served as 


Conference 


Speaker of the evening was Dr 
Tennyson Guver, a well known lec- 


urer and executive assistant and 


director of public relations at Cooper 


Tire and Rubber Co., Findlay, Ohio 


In an inspirational message, Dr 
Guyer stressed the importance of 
working and living with people. and 
learning from associations with 
then 


On Saturday morning, the Execu- 
tive Board of the National Open 
Hearth Steel Committee held it 
semi-annual meeting, presided over 
by Vernon W. Jones, Chairman. The 
Conference closed with a popula 
social event, the Ohio State vs. Uni- 
versity of Washington football game 
Contributing to the success of the 
meeting were Paul G. Sammet 
Chairman of the Southern Ohio Sec- 
tion, and superintendent of open 
hearths, Armco Steel Corp., Ashland; 
R. K. Thornberry, Vice-Chairman: 
and O. W. Morris, Secretary-Treas- 
urer, and Orville W. Morris, combus- 
tion engineer. Armco Steel Corp 
Ashland 


neer, processing machinery depart- 
ment, Allis-Chalmers Mfg. Co., who 
talked on the history and develop- 
ment of the Grate-Kiln system for 
pyro-processing of iron ores and 
other materials. Business transacted 
at the meeting included the distrib- 
uting of pledge cards to members to 
be used for the solicitation of funds 
for the new United Engineering 
Center. The nominating committee 
reported the following new officers 
for 1959: Chairman, Gill Montgom- 
ery; vice-chairman, Gordon M. Bell: 
and secretary-treasurer, Norman S 


Geist 


& A joint dinner-meeting of the 
Montana Section with the Anaconda 
Aluminum technical society 
was held on September 27th. This 
special occasion, known as the An- 
nual Columbia Falls Meeting, was 
featured at the Anaconda Alu- 
minum Co.’s Employees Club, Co- 


lumbia Falls, Mont. The after-dinner 
speaker, Mr. Lee Holscher, enginee: 
at Kaiser's Trentwood plant, Spo- 
kane, discussed The Fabrication of 
Aluminun A dinner at the Big 
Mountain Chalet, Whit h, Mont., 
isiting ladies. The 
social event 


Anaconda Alu- 


th 


was held for 


minun Co’s technical society The 
following day nembers and their 
wives inspected the Anaconda Co's 
aluminum plant 


Russian Steelmaking, 
Topic at Chicago 
Section Meeting 


The Chicago Section held a dinner 


meeting on October 1 at the Chicago 
Bar Association, attended by 175 


Featured speaker was n , 
Carney Division Superintendent, 
Steel Production, United States Steel 
Corp., Duquesne Works 
Pa. His topic was Steelmaking 


talk D: Carney tressed tnese 
points: 1) the Ru ns locate thei 
teel plant nea sources ( ore 
rather than proximity to markets 
2 the Rus in nave nereased the 
productive capacity of n and steel- 
making unlts throug east heat 
é ana auxXl pment e.g 
ng ind crane aug- 

ea furnace crew create 
vision, al it tion of latest 
nees in techn 2) the top 

management is efficient and we 
trained: 4) production is increased 
through workable incentive systems 
and 5) education for steel metallur- 


yists is thorough and specific. Mi- 
chael F 1 
intendent a yn, it 
States Steel Corp South Works, Chi- 


cago, served as Technical Chairmar 
of the meeting 


Rocky Mt. Conference 
(Continued from page 745 


ment manufacturing plant of Eimco 
Corp. and fertilizer 


plant of Western Phosphates, Inc. A 


the che al 
non-technical tour to Big Cotton- 
wood Canyon and its ski-lift to Mt 
Millicent was the 
fered 

Throughout these three days, since 
the ladies were not forgotten, they 
were invited to the luncheons and 
the cocktail party. A special Ladies 
Luncheon and Fashion Show was 
also held for their benefit at the Salt 
Lake Country Club on Thursday af- 
ternoon. Concluding the three-day 
affair was a gala Dinner Dance on 
Friday evening 

Responsible for the success of the 
Conference were the Utah Section 
officers. R. C. Cole, Chairman; Glen 
A. Burt. Vice-Chairman; N. L. Weiss, 


third choice of- 


(Continued on page 748) 


t 
Hi 
Att 
( 
Union in May and June of this year 
under the auspices of the American | 


WEDNESDAY, DECEMBER 3, 1958 


9 am to 9 pm 


1:00 pm 


Registration 


Plant Trip 
Chartered buses 
Bagley Street entrar n st 
Hotel at 1:00 pm There is a choice of 
visiting either the Stainless Steel Di- 
vision of Jones & Laughlin Steel Corp., 
or Rouge Plant of Ford Motor Co. (The 
capacity for the plant trip to Jones & 
Laughlin Steel Corp. is 100.) Buses will 


return to the Statler Hotel by 5:00 pm 


THURSDAY, DECEMBER 4, 1958 


8:30 am 


9:45 am 


6:30 pm 
7:00 pm 


Registration 


Opening Session 


Welcoming ren salute to automo- 
industrv;: introduction of group on 
production of carbides, alloys metals, 


and phosphorus in electric furnaces 


Joint General Session—Manu- 
facture of Ferro-Alloys 


Electric furnace ferro-alloy industry 
in the United States: manufacture of 
ferro-silicon alloys; casting of f = 


alloys; control of quality in ferro-alloy 


manufacture 


Joint General Session—Physi- 
cal Chemistry of Steelmaking 


Review of technical conference on 


Quality Requirements of Super Duty 
Steels, Pittsburgh May 5-6, 1958: ef- 
fect of vacuum stream degassing on 


properties of forging steels 


Reception and Cocktail Party 
Annual Fellowship Dinner 


Speaker: M. K. Schnurr, President, 
Stainless and Strip Div., Jones & 
Laughlin Steel Corp., Detroit, Mich.: 
Toastmaster: K. D. Cassidy, Group Di- 
rector, Body Group, Ford Motor Co.., 
Dearborn, Mich., Title: Commercial 
Aspects of Stainless Steels in Our 


Economy 


FRIDAY, DECEMBER 5, 1958 


Registration 


Condensed Program 


1958 ELECTRIC FURNACE CONFERENCE 


Sponsored by the Electric Furnace Committee of the Iron and Steel 
Division, The Metallurgical Society of The American Institute of 
Mining, Metallurgical, and Petroleum Engineers 


Statler Hotel, Detroit, Michigan—December 3, 4, and 5, 1958 


9:30 am 


9:30 am 


9:30 am 


2:00 pm 


2:00 pm 


2:00 pm 


Ingot Session on Stainless 
Steel—Production and Appli- 
cations 


Present and future application of 
stainless steel] products in the automo- 
tive industry; developments in melting 


Casting Session of Foundry 
Practices 

Effect of various additions to the elec- 
tric are and induction furnace on gas 
ntents; pinhole porosity in high-alloy 


green-sand 


steel castings made in 
molds; high frequency induction melt- 
ing of steel in furnace unit up to 5% 
ton capacity; oxidation and deoxidation 
gh-frequency induc- 


tice in the hi 


Special Arc Group Session on 
Manufacture of Calcium Car- 
bide and Other Products 


A brief history of calcium carbide man- 
ufacture: tapping and casting of cal- 
um carbide; electric furnace produc- 
tion of special irons and titania slag; 
electrically smelted oxides and metal- 
loids of zirconium and titanium 


Ingot Session on Melting; Cost 
Reductions 


Use of direct reduced iron in the elec- 
tric furnace; simplified calculation of 
effects of oxygen blowing rates; linear 
programming of the material costs of 


stainless steel 


Castings Session on Special 
Operating Technology 


Effect of phosphorus and sulfur con- 
ent on the ductility and toughness of 
cast low alloy steels; desulphurization 
of steel by the injection of lime and 


aluminum-magnesium alloy; improving 


electric furnace refractory life by spe- 
cial 1 cooling techniques; split heat 


techniques 


Special Arc Group Session on 
Electrode Holders and Plan- 
ning Session 


Electrodes holders; planning and or- 
ganization for future meetings 
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operations 
Cost of tickets, $2.00 eee 
tan fiurr 
tion furnace 
9:30 am 
2:00 pm ian 
8:30 
am 


Titanium Catalog technical conferences provide num- nically and professionally, as well a 
. : erous opportunities to tell the non- that of the metallurgical profession 
(Continued f m page to embers in attendance about the ad- 
um titanate available t the pul ' vera of AIME member hip Op- 
trom the OTS « aothes portun les n ust be grasped, how- Rocky Mt. Conference 
Thev ime ide CTR 349 T tanium evel Welce re non-mempdDers + 
Part I: Titanium and A 1930- meetir ind offer to help them in (Continued from page 74¢ 
1958: CTR 350, Titaniur Part II mpletr in application. The re- ; : 
Titanium Carbide n—Part I: cently revised Metallurgical Society Vice-Chairman; and P. H. Ensigi 
1920-19 ul CTR Titaniur pplication form contains up-to-the- Secretary-Treasure il u “4 
Part I] Bar Tit ‘ 146-1955 mil nformation about meeting ference Co ttee J Thu 
CTR’s a rde put it ns na iava i] il! I ind \ Stant 
Office f Tec} Se ) em I If f m ire wot i Ge rai Uf mar R W I 
wertene ¢ gtor at ection meeting isk ca t es to M R Luck 
DC. 10 cer ‘ ect ecretary ember- Cc ! the Won Auxiliary 
I na il wht nouia nave i 1 he ipable is ite 
ipply or an< 
hi M ys neeant gg t meeting t 
Membership—Many spread the word about AIME, how- 


Opportunities; Only ever. The headquarters staff will be Armour Foundation 
Member Effort Required ponte natty AME | 
of the names of persons who you be- Research Addition 


With Metallurg al S ety and eve ire juaiihnea Dut are not pres- 


AIME activities gaining momentur ently members of The Metallurgica The Metals Rese Building Ad- 
pportunities for gaining new mem- Society The handy forn below dition f the A ! Rese 
bers are increasing at rapid rat when completed and returned t Fk ndation of the Illir Institute 
In addition t full he e of Roo 9 W ) Stree Ne et g ‘ at t 
ection meet Decembe ‘ e¢ Y Ne } A ‘ t past O ‘ D H H : 
ged Elect e pective ‘ ‘ rece ‘ ‘ et 
With tecnl i i e! i tne 
elect i \ t ni r Gene Ele Rese 
er The Me S é i I the f nm eller - 
t f expandl he eff tive t é vere 
bershiy nt ew ire meta is taker he 
i ect meetir ve vt tech- lal rat 


PROPOSAL FOR AIME 
Change of Address and Personals Form MEMBERSHIP 


To be sure t espondence ple t I< the following per- 
the form be ‘ nd se 1 it t The Metallurgical Seciety of AIMEE, 29 W 8th St on to be yualified for men ber- 
a on ship and request that a mem- 

bership kit be ailed to him 
Nome 


Name of Prospective Member 
Old Address 


Address 
New Address 


Personals: Please t below i ‘ title and com 
pany r new vork for se i J NAL yr METALS Copy de lline for personais items 
is six weeks before late f ie 


Former Company Name of AIME Member 
Former Title Length of Time There 
New Company 

New Title Date of Change Address 


Any recent activity that would be of interest to members 


JM 
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Ernest Klepetko (Member 1915) 

consultant for the Electrolytic Zinc 

Plant, Design and Research, died on 

June 27, 1958. While with Combined 

Metals Co., Mr. Klepetko developed 

Carl K. Stewart (Member 1948) met- rocess r the recovery of 
llur 1 1 chemist for Intern resin from Utah coal. Mr. Klepetko 
tional Nickel Company died on Jun had also been associated with Ana- 
158. Mr. Stewart had a | nda Co., a! ‘yprus Mines Corp 

a career in the metallurgy an d he time of his death, Mr. Kle- 

lf 1 Denver 


aliurgist ana 


Ernest A. Brown (Member 1953) 

lied on May 15, 1958. ‘Dr. Brown 

wi hief of the radioactivity divi- 

Dept. of Mines and Technical 

s, Ottawa, Canada. During his 

he worked on the recovery 

rse ur and production 

f iron ide by roastin f pyrite 

OBITUARIES Frederick | A. McCoy . cla in a controll atmosphere, and on 

Member 1954) work ! illurgi I production of metallic magne- 

fc 1 Division, Ar Steel ium by ferrosilicon reduction of cal- 

At the time of his 

Stewart J. Cort. mber 194 n f his deatl r. McCoy leath, he resided in Ottawa, Can- 


I nN 


r Sheth 


CHANGE OF STATUS 
Associate to Member 
bert W. Cl Birr gham, Eng 
REINSTATEMENT—CHANGE OF STATUS 
Re-Elections 


is, OF 


Members 


Date 
Elected 


PROFESSIONAL SERVICES 


Chung Yu Wang (Member 1905) re 
search director for the Wah Chang Limited to AIME members, or to com- H. L. TALBOT 
Corp., died on August 30, 1958. Dr panies thot have at least one AIME Consulting Metallurgical Engineer 
Nang was an authority on non-fer- 
Wang was an aut Sepseegione member on their staffs. Rates $50 per Ex ond Refining of Base Metals 
1etais and Dulit the first anti- pecializing in Cobalt and Copper 
mony refinery in Ch for the year per inch Room 911, 209 Washington St. 
Wang Chang Mining and Smelting Boston 8, Mass. 


Dr. Wang also served as a coun- 
cilor to the Chinese delegation to 
the Washington conference, in 1922 MAX STERN DR. E. TSUTSUMI 
and was a delegate to a world min- Consulting Engineer Registered Japanese Patent Attorney & 
Ex t f very ond Shir Consulting Engineer 
ing congress in Japan. He was also >ATENT vech. 
technical expert for the Chinese AL TE from Japanese 
Ministry of Industry in Nanking ‘Piles > Eng i 2¢ an English 


and Chungking, and served as presi- 10 Eost 40th St. New York 16,N. Y. Central P.O. Box 1545 Tokyo, Japan 
dent of the Association of Chinese 
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PERSONALS 
John Stuart Smart has been ap- ae 
. 
pointed general ales manager ol! 
American Smelting & Refining C« Bet ot 
Mr. Smart wi now work directl 
with Mr Simon Strauss. vice presi- pa a 
ient in charge t ale ind will be ane 
ols. 
Ci and the first recipient of the ver ya, 
Benjamir Fairle Award of 2 
im led September Jose St on N. Scituate. R. I 
ifter a ng ne Born in Ogle OUST. Teeg, Attlet Mass _ 
, The e A. Young, Jr., Gary, Ind 
County, Dli 81, Dr. Cort 
ittended Lehigh Ur ersitv and was Juniors 
irgy in 1906, and a doctor of engi- Metallu i Societ AIME Lats 
104 11ME John E. Steers, Bethlehem. Pa 
neering agegree in iv His protes- 4 Be ehem, F 
ional career began in 1906 in the itt 
pen hearth department of the Du- ADMISSIONS COMMITTEE ee 
I 
G Three years later, he was made 
assistant superintendent of the _institute desires to extend its privi- 
é erson can b 
In 1916, he became superintendent o! e members R iG. Minet, Philadelphia, Pa 
plant of Midvale Steel and Ordnance aes ; und Walter P. Huhn, Industry, Pa Vie 
nd in 1917 was made superin- unqualified for AIME 
tendent of the Saucon division open «| Soames 
eth + +} thle » plant ‘ 
earth at he Be ienem piant ol EE 
Bethlehem Steel becoming in F. n, Pittsburgh, P 
W H. L. Hooper, New k 
Saucon div In 1923 Dr H kwe Okla Date of 
Sparrows Point plant of Bethlehem ~ Ree, a Ot 1953 E. A. Brow May 15, 1958 Bo 
Stet ana in 19485 was elected D i McKe D - K + vu. 1958 
vice-pres jent in charge f the steel - } A Radcliffe, Ca bridge, Mass +4 C. K. Stew t Jun. 27, 1958 eae 
divisior He was a director of that ¥. Yang Aug. 30, 1958 Bee 
company until the time of his death eg j 
Th mpanvil +h F r. 
Clallion acct anving tne all 
less Award to Dr. Cort read “For his ot 
idership m wor ind steel manu- d 
facturing which he has made his 
ympany an outstanding producer Br 
in the industry 
3 


SOMING EVENTS 


ADVERTISER’S 


Nov. 2-6, AIME Chicago Section, In 


stitut f Metals Divisior all 
vall Ajax Engineering Corp Leitz, Inc., E 
Meeting, Hotel Sherman, Chicago Eldridge, Inc W. end 


INDEX 


Nov. 7, AIME Pittsburgh Section. Alloy Metal Products Inc Marshall Products Co 
Thirteenth Annual Off-the-Record The L. W. Ramsey Adv. Agen ver, Geiger & Ka Inc 


meeting, Pittsburgh American Optical Co Michiges Chemical Corp 693 


Bowers & Strachan In ey Aves & Assox 
Nov. 11, AIME NOHC Buffalo Local, 
Section, fall meeting, Statler Ho- Mohr & Sons, John 
tel, Buffalo Fred H. Ebersold, Inc 


Bailey Co., Wm. M 707 
Nov. 20, AIME Utah Section, speak Downing Industrial 


Smith, Taylor & Jenkins, Inc 


A Co., The JE Morgan Construction Co 
( ng Project Mr strong is dams Associates Inc Davis Press, Inc., The 
. ore on division of Basic, Incorporated 
Southe ern Pacific Ci The Griswold-Es) a National Carbon Co. Div 
Union Carbide Corop 
Nov. 17-20, The Fourth Conference Bell Telephone Labs William Esty Co. Inc 
n Magnetism and Magnetic M: N. W. Ayer & Son, Inc 
ve lag Ma Ohio Ferro-Alloys Corp 
terials, sponsored by the AIEE, ir Huffman and C 
cooperation with The Metallur g1 Buehler Ltd & 692 
om reicker Meioan, Ir 
cal Soc. of AIME, The Americar ” se Philips Electronics, Inc 


Anders Associates Adv 


Soc the Inct Aion 
ical Soc., t. o Carborundum Co 702, 703 
Nnginee! ana tne tice of Naval! 
arborundum Metals Co. Div 
Research, Sheraton Hot l, Phila- Comstock & ( Ramtite Co., The 
Marsteller, Rickard, Gebhardt a 
delphia lars R Ge 


Reed, Inc 


Consolidated Electrodynamics 
Dec. 3-5, AIME 16th Electric Furnace Rochester Div Research Specialties Co 
Conference. Statler Hots l. Detroit Rumrill Ce Inc., The Gert B n, Clark & E 


Dec. 11, AIME Utah Section, Panel Refractories Co © 
discussion on the Place of Rx 
search in the Minerals Industries Davison Chemical Co. Div Stokes Corp., F. L 
Salt Lake City W. R. Grace & Co The Aitkin-Kynett Co 
St. Georges & Keyes, Inc 
Jan. 15, AIME Utah Section, speak Swindell Dressler Coo. : 
e! Har 1 Wr ht R her , Detrick Co. M. H D ning Indust Adt ae 
Bachrodt, Newell, O'Kane and Gar 
= Taylor Sons Co., The Chas 
Wrigt Electro Met. Div., Union Carbide The Keelor & Stites Co 
executive vice-president of Corp 694. 695 
Galigher Co J. M. Mathes. In United States Graphite Co., The 


Price, Tanner & Willox, Inc 


Feb. t- Ferro Engineering Co. U. S. Industrial Chemicals Co. Div 
rar cis te ne! aton C. A. Reece Ind. Publicity Netione! Distillers & Chemicel Corp 
Palace Hotel, and Sir Francis G. M. Basford Co 
Drake Hotel, San Francisco Frankel Co., Inc 
penham & Co U. S. Steel Corp 700, 701 
2. Technical Co 
Apr. 2-3, 1959, AIME chnical Con- Columbia-Geneva Steel Div 
ference on Stress Corrosion, Mel- acts Agente Power Leh Tennessee Coal & Iron Div 
lon Institute, Pittsburgh Shen. U. S. Steel Supply Div 


Veutsc i 


U. S. Steel Export Co 

Apr. 6-8, 1959, AIME 42nd National General Refractories Co 708, 709 Batten, Barton, Durstine & Osborn, Inc 

Open Hearth Steel Conference and ee ee Unitron Instrument Div 

Blast Furnace « oke Oven, and Groat Lehes Coshen Ca United Scientific Co 

Raw Materials Conference, Jeffer- Davis, Parsons & Strohmeier, Inc Robert Hartwell Gabine, Adt 

son Hotel, St. Louis 

Harbison-Walker Refractories Co Utica Drop Forge and Tool Fourth Cover 

Apr. 5-10, 1959, Fifth Nuclear Con Downing Industrial Adv. Inc Div. of Kelsey-Hayes Co 


Zimmer, Keller & Calvert, Inc 


Sr ess, Cleveland Auditorium, Ilinois Clay Products Co 
Cleveland Waldie & Briggs, In Valley Mould & tron Co 


International Nickel Co 704 Walsh Refractories Corp 


Apr. 27-30, 1959, AIME International 


. ial Marschalk & Pratt iph Smith Adv. Agency 
Symposium on the Physical Chem- 

istry of Process Metallurgy, a ~ Co., The M. W Second Cover Westinghouse Electric Corp 
Penn-Sheraton Hotel, Pittsburgh er & Smith & Ross I Bettis Atomic Power Div 


Groody Adv. Co 


June 13-15, 1960, first International Lectromelt Furnace Div 
Powder Metallurgy Conference. McGraw-Edison Co Wyman-Gordon Co Third Cover 
Hotel Biltmore, New York, under The Griswoid-Eshleman Ce John W. Odlin Co., In 
joint auspices of AIME and MPA © Previous issue 
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The steel plowshare was the basic 
agricultural tool when Wyman-Gordon was 
established seventy-five years ago. At that 
time, it took approximately 50 per cent of 
the nation’s work force on farms to 
produce food for our country’s needs. 
With today’s mechanical farm implements, it 
requires only 12'/2 per cent to feed our people. The 
development of modern farm implements, motor 
cars, trucks and tractors, railroad locomotives, and 
the *‘Mach era” aircraft and space vehicles, would 
have been impossible without forgings. 


Whenever the ultimate is required in 


power, speed, endurance or reliability there is 


no substitute for a forging. Today, as 


for seventy-five years, Wyman-Gordon ——— 
continues in the forefront in new 
forging developments. 


WYMAN-GORDON COMPANY 


AB HED 1883 


FORGINGS OF ALUMINUM @© MAGNESIUM @ STEEL @© TITANIUM 


WORCESTER 1, MASSACHUSETTS 
HARVEY, ILLINOIS e DETROIT, MICHIGAN 


~ 
= 
— 
= ; 
= 
~ 
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one million pounds 
of vacuum induction 
melted alloys per 
month 


That's the pouring capacit 

our New Hartford 

new facilities, together with prec 
melting and inspection practices, 
enable us to guarantee absolutely 
consistent quality from heat to 
heat. For information on ingot, 
billet, bar, sheet, strip and 

wire now availabie in 
commercial quantity, 
write 

Metals Division 
Kelsey-Hayes Co., 
New Hartford, N. Y. 


METALS DIVISION 
KELSEY-HAYES 


<MET 


SOME ALLOYS COVERED BY U S PATENT #2809110 
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